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NEW EXPERIMENTS IN GUNNERY. 

THE EXPERIMENTS OF 1784. 

68. JVednesdit;/, Jtdy9il,S(c. n$4. 

In the course of last year's operations we experienced 
several inconyeniences from some parts of our apparatus^ 
which we determined to remedy if possible. These regarded 
chiefly tlie time-pieces, the axes of vibration, and the 
method of measuring by the tape. For measuring the time 
of a certain number of vibrations, we united the use of 
a second stop* watch with a simple b^f-second pendulum^ 
made of a leaden bullet suspended by a silken thread, 
which did not always agree together. Again, the axes 
of the gun gnd pendulum frames were not found to be 
so devoid of friction as might be wished. But, above ally 
the chie^ cause of dissatisfaction, was the method of measur- 
ing the extent of the vibrations by means.of the tape; whiQh 
was, notwithstanding all possible care and precaution, still 
subject to much irregularity,' by being wetted by rain, or 
blown aside by the wind, ojr otherwise entangled} which 
rendered the measurements doubtful and irregular. 

The preceding part of this year tl^erefore was employed 
in .correcting these and other smaller imperfections in the 
apparatus. To our time-pieces we added a peculiar one, 

YOL. III. B 



2 * - NEW EXPERIMENTS TRACT 34. 

which measures time to 40th parts of a second. — ^Next, by 
a happy contrivance, the friction of the axes was almost 
intirely taken oflF. This was effected by means of sockets of 
a peculiar construction, for the axes to work in. First 
imagine the half of a short cylinder, pi 2 or 3 inches long, 
cut lengthways through the axis, and of a diameter a very 
little more than the ends of the axis that are intended to work 
in it : if this were all, it is evident that the axisj in vibrating, 
would touch this socket in one line only, because their 
diameters were unequal. Next imagine the inside of this 
socket to be gradually grouod down towards each end, from 
nothing in the middle ; so that the inside resembled a tube 
having its two ends bent downwards, and rising highest in 
the middle. Then it is evident that the axis will touch the 
socket in this one middle point only. And further, the 
under sides of the axis itself were ground a little, to bring 
the undermost line to a blunt edge, something like the pivots 
of a scale beam. The consequence was, that the friction 
was hot sensible in a great number of vibrations ; and here- 
after we commonly made the gun and pendulum vibrate for 
just 10 minutes, and divided the counted number of vibra- 
tions by 10, for the mean number per minute — And for 
measuring the arcs of vibration more certainly and accu- 
rately, we constructed a strong wooden circular arch, of 
about 4 feet in length, cut out to a radius of just 10 feet. 
This arch is .divided into chords of equal parts, each the 
1000th part of the radius, or -xJ^th parts cyf an inch, as 
before described in Art. 1^. This arch being placed 10 feet 
below, and concentric with the axis, and the groove in the 
middle of it filled with the soft composition of soap and wax, 
the stylette, or small sharp spear, traces in the groove the 
extent of the vibration, and the corresponding divisions on 
feach side of the gro6ve show the length of the chord 
vibrated. And as these chords are in 1000th parts of the 
radius, the value of r, in the theorem for the velocity of 
the ball, will be 1000 for all the following experiments; 
and then that theorem will become 
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t7 = ~ X ^^gc by the penduluniy and 
V =z :^ X ^^ by the recoil of the gpri. 



96 



51 



Or V = 12*74j2 X -^ or -j- x -~ by the gun n"* 2, when wc 

substitute the values of o, g, i, Uy specified in Art. 36. 
And further, when b = 1'04j7, it is v rr 12^c. 

The apparatus having been prepared^ we employed the 
three days, July 21, July 26, and August 3, in hanging it 
up, and in weighing, measuring, and adjusting all the parts, 
and trying them by firing a few rounds with powder only. 
The 4* rounds fired on the first of those days, of 4? ounces 
each, with the gun n* 1, weighing 917 lb, gave 56 at the 
first round, and at each of the other three 57 divisions on 
the measuring arc, for the recoil of the gun. 



69. Wednesday f Augiist 4, 1784. 
Frequent showers of rain. 
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The general weight of the ball was 16 oz 14 dr ; except 
n* IS, which was 1 oz 10 dr; and n* 14 was without any 
ball. 

Here, and in all the future days, the chords of vibration, 
of both gun and pendulum, are expressed in 1000th parts 
of the radius. 

The Gun was n** 1.— We began this day with the wei^t 
of the gun and its iron frame only, without any of the 
leaden weights. Then the one set of weights was put on at 
n" 10, and the other at n* 12. This was done to try the 
effects of different weights of gun on the velocity of the 
ball, experimentally to correct a common error which had 
been adopted from time immemorial, by professional men, 
namely, that heavier guns, cateris p(»rtbtiSy give the greater 
velocities. The erroneousness of which opinion is proved 
by the experiments of this and some of' the following days. 
And it is needless to prove a priori to scientific men^ that 
the difference in the effects cannot be rendered sensible by 
any measurements which we can make of the velocity. 

The Pendulum was the block of last year, with a new 
core, and a facing of sheet lead. Its weight, taken this 
morning, was 627 lb. 

The plugs weighed 7 ounces to 11 inches, on an average ; 
which proportion may always be used in future, at least 
till another be mentioned. 

The 8th n* is doubtful, and is omitted in ihe medium* 

The 14th was with powder only, like the first six. And 
t}ie 15th was without ball, having orjy a wad made of Junk, 
weighing 1 oz 10 dr. This made a small impression, of 
about half an inch deep, in the face of the pendulum, and 
rebounded back. And it struck the pendulum at more than 
6 inches above the line pf direction. 

Note, the centre of the pendulum, as before, is at 88*7 
iachcs below the axis. And tbe value .of i»|for the mean 
distance of the points struck, i^ 89*4* 

By comparing together the first 6 rounds, which are 
^H with the saoiQ Weight of gun, we find that the mean 
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proportion of the recoil, with the different charges, without 
balls, is as follows i 

Sot 4roz 8oa 

56 122 252 

the recoils being rather in d higher proportion than the 
'charge of powder. 

If we compare the meaii of the first 4, with 2 oz of pow- 
der and 478 lb weight of gun, with the mean of July 21, 
with 4oz of powder and 917 lb weight bf gun, we shall 
obtain as follows : 

Charge - - - 2oz 4oz 

Weight of gun 478 lb • - 917 lb 
Recoil - - - 56 - - 57 

So that, in this instance, thie less chai^ge gives a recoil, 
in proportion to the greater charge, a litde above tbe direct 
ratio of tlie weight of powdei^, and inverse ratio of die 
weight of the gun. For that ratio, or 2 x 917 ta 4 x 47S, 
is as 56 to 58. 

If we compare rt® 5 with the m^«n of July 21, wUch are 
both wifli 4 02 of powder, they will stand thus : 

Weight of^un 478 - - 915 
Recoil - - 122 - - 57 

which shows that, in this instance, the same charge gives 
more than double the recoil to half tbe weight of the gum 

Lastly, if we compare the means of each pair of velo- 
cities with the several weights of gun, we shall have as 
follows : 

1S03 } ^^^^ ^^^ ^** ^'^^^^ ^^ ®^ 8*»n 
, JS?} •2'^? - - 650 - . - 

S}»»^* - - ''\ - - - 

which difFerences are neither regular, nor greater than what 
haippeii. from different; tri^s^ with the weight and all other 
circumstances the siame. 
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For the 6 oz charge the 
Mean recoil with ball - 196 
Ditto without - - - 85 
Difference, orc= - - 111 
Hence velocity by recoil 1339 
Ditto by the pendulum 1295 
Difference - - - - 44? 
Or the part - - - - ^ 



• 70. Thursday, August 5, 1784. 
A fine warm day. 
Barometer 29*98.; Thermometer 68 at 10 A. M. 
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The weight of every ball was 16 oz 14 dr. The first 
charge of"powder was 4 ounces, and all the rest 16 ounces. 

The Gun, was n° 3. — Began first with its own weight 
only ; then at n* 5 put on one pair of the usual weights ; at 
n** 7 the other pair ; and lastly atn* 9 fixed on some extra 
weights. But the result shows that the velocity of the ball 
is the same with all of them. 

The Pendulum as left hanging since yesterday. 

The value of i, or medium among the points struck these 
last two days^ is 88-2. 
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1619 J ^^^^ mean velocity with 485 lb weight of gua 

ittl} ^«»« «55 . . - . . 

IS} 1629.. - - - - 917 - - - - - 
1^} 1625 .... - ino 

1616 mean for,6^oz with gun 3. 

71. Saturday y August 7, 1784? ; /row 11 tiUl. 

The weather fair, but c\oudy at times. 

Barometer 29*92 ; Thermometer ^^ at 2 p. M. 
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The first charge of powder was 4 ounces, and all the rest 
€ oz ; the balls 16 oz 14 dr. 

The Gun, n° 3, with the usual leads, weighed 917 lb. 

The mean height of the charge of 6 ounces was 4-5 inches. 

The Pendulum as left hanging since the last day. 

The value of i, or the mean among the points struck 
these last three days, 88*5. 

The object of this day's business, was to try the effect of 
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difF^ent degrees of ramming the charge of powder, with 
the effect of wads placed in different positions. Sometimes 
tfie powder was only set up without being compressed, and 
sometimes it was rammed with a different number of strokes, 
and pushed with various degrees of force : but no sensible 
diflference was produced in the velocity. The wads, which 
were of 2 inches length, firmly made of junk or rope yarn, 
and made large to be with difiBculty pushed into the gun, 
were diversly placed and varied in number, being i some- 
times introduced between the powder and ball, and some- 
times over both. But no effect was perceived from them on 
the velocity of the ball ; this being indifferently the same, 
either with one wad, or two, or none at all. The reason 
of which is probably because the balls had very little 
windage. At the last two numbers two wads were used ; 
in mast of the others only one ; weighing on an average 
about 3~o» d dr. . 

When balls were used with the wads, it was common for 
them both to enter the pendulum by the same hole. But it 
is remarkable that, when the wads were discharged without 
balls, they commonly struck wide of the line of the gun by 
6 6r 8 inches, and indifferently either too high or too low, 
or to the right or left ; and sometimes they flew in pieces 
before they struck the block. 

The veloeitiet of the ball in these experiments are not 
computed,. as the effects of the blow from die ball and the 
wad are compounded together, and that in an unknown 
degree, as the wad sometimes flies in pieces, and sometimes 
not, oi^ strikes the pendulum nvith various degrees of force at 
different times; and also sometimes the wads enter the pen- 
dulum, and sometimes they rebound from it. 
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72. Tuesday, August 10, 1784 ; from X2tiU^ 
The weather thick and cloudy. 
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N°' 1 and 2 were witfi 4 oz of powder ; all the rest 6 oz. 

The -mean diameter of the ball was 1-875 ; so that the 
windage was -15. 

The mean height of the charge of powder was 4-4. 

The Gun n** 3 ; its weight 9 1 7 lb. 

The object this day was the effect of windage with low 
balls, and the effect of wads, both high and low ones. The 
wads struck variously, either above or below or with the 
ball. The two wads in the last round were made of well- 
twisted twine, and firmly bound : they struck the pendulum 
very hard blows. The other wads were of junk, and did 
not strike so hard. 

Here, the balls being smaller, and consequently the wind- 
age more, the vibrations are much smaller, though wads 
were used. So that it seems the wads Ao not prevent the 
escape of the inflamed powder by the windage, nor make 
any sensible alteration in the velocity of the ball. 

The velocities are not computed, for the same reason as 
specified in the last day's experiments. 

73. The PsNDULUM block had not been altered since the 
last day's experiments. But the iron stays of the stem had 



10 NeW.EXPERIMENTS TRACT 54. 

been changed For others that are stronger, and which weigh 
10 lb more than the old ones did. This additional 10 lb 
of iron must be added to the weight of the pendulum ; and 
new theorems must be made out, for determining the change 
in the centre of gravity, and the number of vibrations per 
minute. Now this rod, of uniform thickness, reached from 
the lower side of the axis to within 24 inches of the top of 
the block ; cdnsequently its length was 51*4 inches, and its 
middle point, or centre of gravity, was at 26*6 inches below 
the middle of the axis of vibration. This number 26 6 

{ 77*3 

then will be the value of z in the theorem g = 77*3 + t^. — -, 6, 
for the place of the new centre of gravity, where the value 
of 6 is 10 ; Which theorem gives 

G = 77*3 — 0*76 = 76*54 for the centre of gravity. 
And the same values of /and b, substituted in the theorem 

_ 40-2 &i(^- 86-3) . 

N — *0'J - 8805707 + bi{i+B&Sy S^^® 

N = 40*2 + '07 = 40'27 for the number of oscillations. 

Hence then, in this new state of the pendulum,' the value 
of g is 76*54, and the value of n 40*27, corresponding to 
the value 670 of p, or weight of the pendulum. That is, 

p g n 

670 76*34 40*27 

are the new radical corresponding values of p, g^ n. And 

these values, being substituted in the two general theorems,, 

namely, 

G = ^ + ~=-^4, and 

binCinn - 140850) 



N s= n 



281700 pg + bi{inn + 140850)' 

they become 



G = 76*54. + ^^^ , b, and 

• 670 + b ' 
^/xo^ 40-27 6t(t-86) 

N = 40*27 — ^ ^^ 



8820313 + ln{i + 86)' 

or N = 40*27 — 217947*^ nearly. Which are the 
theorems to be used now and hereafter for the values of g 
and n., And where the distance of the centre of oscillation, 
answering to the number 40*47, is 86* 
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The value of i this day, or the 
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74. Wednesday^ August 1 1 , 1784 ; frmn 10 HU 2, 

The air was warm, close, and thick. 

Barometer 30'25 ; Thermometer 65° at 10 A. m. 
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89-5 


6 


699-4 


77-07 


40-23 


1319 


13 


6 


200 


157 


88*6 


6 


700-7 


77-09 


40-23 


1388 


14 


12 


283 


157 


85-1 


9 


702-0 


77-11 


40-23 


1448 


15 


14 


318 


169 


880 


7 


703-2 


77-13 


40-23 


1510 


16 


6' 202 


149 


84-0 


8 


704-5 


77-15 


40-23 


1398 



The diameter of the balls 1*965, and weight 16oz 14f dr. 

The Gun was n** 1, weighing, with the usual leads, 917 lb. 

The Pendulum a^ left hanging since yesterday. 

The mean value of «, for the last two days> is 88-91. 

After the experiments were ended this day, the pendulum 
was weighed, and found to be 706 lb. Now the original 
weight, when weighed at first on the 2€th of July, seemingly 
with as much care as now, was 627 lb; to this add 61^ lb 
weight of balls and plugs lodged in it, with 10 lb of iron 
added on the 8th of August, anjd they make together 698i.lb ; 
from this take 1-6 lb, for the diminution of the leaden facing 
of the pendulum, by the balls striking and piercing it, and 
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there will remain only ^91lb, wUch the pendulum ought to 
weigh,, and which is 9 lb less, than it is actually found to 
weigh. I cannot imagine any cause to which this difference 
of weight may be attributed, as it is contrary to the effect 
heretofore experienced, the pendulum having always been 
found to lose in weight by hanging up ; unless it arise from 
the moisture imbibed by the block in the 17 days it was up, 
and during all or the most part of which time it was very 
rainy weather, and the pendulum hung uncovered. Now 
the probability of this will be heightened by considering that 
the block had lain by all the preceding winteryland till after 
midsummer this year, under cover, in the carpenter's shop, 
a circumstance which would make it very dry, and so render 
it apt to imbibe moisture from the continually foggy atmo* 
sphere and rain, which have taken place ever since it was 
exposed. This increase of weight th^n, being 9lb in, the 17 
days, or nearly half a poundperday,! have thought it safest to 
divide equally among all the days, by adding half a pound 
for each day it hung up, from the beginning of this year to 
the end of this day's experiments. 

The object of this course was again to search out the 
maximum of the gun's charge; but it is not a good set of 
experiments, the velocities being not regular, perhaps owing 
to the bad state of the pendulum, which was very much shat- 
tered. However it sufficiently appears that there was but lit- 
tle difference among the velocities due to 8, 10, 12, and 14 
ounces of powder. 

Weight of Powder ' 6oz 80z lOoz ISoz 14 oz 

Mean height of charge 4-4 5-7 7*0 8-1 9*5 

Mean recoil of gun - 201 237 264 291 318 

,,,.., , fl319 1499 1561 1566 15651 

Velocities by pendu- Vg^g ^^^^ ^^^^ j5^g l^^gf 

lum . - - - ^1398 1421 1466 1448 15 10 J 

Mean ditto - - - 1368 7475 1495 1520 1528 
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75. Thursday f September 9, 1784. 

Since the last experiments, the ste^dying-rods of the gun- 
frame having been lengthened, and the pendulum block re- 
paired with a new core, &c, we attended to weigh and mea- 
sure the several parts ; the circumstances of which were as 
follow : 

Weight of the pendulum - ^ 638 == p 
Therf. to its centra of gravity 75*93 = g 
And its vibrations per minute 40*30 = n 

The new stay-rods of the gun-ftame weigh 17lb more than 
the old ones, so that now 

: lb 

The weight of iron in the frame is 205 
Weight of gun and iron together 495 
Weight of gun, iron, and leads - 934 =: o 

By this additional 17 lb weight of iron, the values of g 
and n, or the centre of gravity and number of oscillations, 
will be altered ; which will cause an alteration in our theo- 
rem V z;i^ X 'rr-^9 by which the velocity of the ball is 

determined from the recoil of the gun, in Art. 36. The 
values of these two letters were, at Art. 42 and 43, found 
to be ^ = 80*47, and n = 40*0 for the gun n*,2 ; but the 
former will now become something less, and the latter some- 
thing greater. 

Now the old and new iron stay-rods were nearty of equal 
thickness. But the old. rods extended only 29 inches, and 
the new ones 58 inches below the axis ; the diflFerence is 29 ; 
and the half difference, or 14^ added to the old length 29, 
gives 43.f inches below the axis, where the middle or centre 
of gravity of the additional length is situated, the weight of 
which part is 17 lb. But the centre of gravity was found to 
be 80*47 below the axis, when the whole weight was 917 lb. 
Here, the difference of the two distances, or the distance 
between the two weights 17 and 917, being 37 inches, arid 
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the sum of the weights 934, we shall have .934 : 17 : : 37 : 0*^7 
the change in the distance of the centre of gravity ; which 
being subtracted from 80'47, leaves 79'8 for the distance of 
the new compound centre of gravity. 

Also the correction for the value of n will be determined 

, ^, 1 r 1 ^ hinUnn — 140850) . i • u 

►by the usual formula ^^tttta -ttv^ — ^t^rt^TA^> ii^ which 

•^ 281700 />g + bt(tnn + 140850)' 

b = 17, i:^ 43-5, n = 40*0, p = 917, and g = 83*47 ; which 
values, being used in that formula, give 0*1 for the correc- 
tion of w; to which add 40*0, and we shall have 40*1 for the 
new value of w, or number of oscillations per minute, for 
the gun n 2 ; and consequently 40*2 for n° I, aad 40*0 for 
n"* 3, and 39*9 for n® 1. Hence then the new valued for the 
gun n° 2 are thus : 

G g n i r 

934 79-8 40*1 89'15 1000 

Then, using these values of g, g", w, i, r, in the formula 






59000 



X T-~ above-mentioned, it becomes 



96 him 

V = — T- X -T- for the velocity by the recoil of the 

gun ; where b is the weight of the ball, and c the difference 
between the chords of recoil with and mthout a ball. 

And when b zz 1*047 lb = 16 oz 12 dr, the same theorem 
is V = 12y<; for the gun n** 2. And every i dram in the 
value of b will alter this theorem by the ji^th part nearly. 

» 

Also for the gun n° 1 the above velocity must be de- 
creased by the 400th part, and for n* 3 increased by the 
400th part, and for n° 4 increased by the 200th part. 



.V. 



TRACT 34. 



IN OUNNBRY. 



15 



76- Friday y September 10, 1784 ; from 10 till I. 
The weather fair ; but not warm. 



-. 1 


4 

^ow- 


Vibration of 


Point 
struck 


a,- 

9 

flu 
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Values of 


Veloc. 
ball 




NO J 


der 
oz 


gun 


pent! 


P 


g 


n 








inches 


\b 


inches 




feet 




1 


4 


115 
















2 


4 


116 














3 


6 


194 




1 










4 


6 


190 














5 


6. 


193 




' 








6 4 143 188-0 


8 


638'0 


75-93 


40-30 1148 


1 4 322 1401 88-3 


7 


639-2 


75-95 


40-30 


1123 




8 


4 


324 


144 


89'3 


7 


640-3 


75-97. 


40-30 


.1144 




9 


4 


S18 


138 


88-4 


6 


641-5 


75-99 


40-30 


1110 




10 


6 


433 


173 


88-5 


7 


642-7 


76-02 


40-30 


1393 




11 


6 


432 


173 


89-9 


6 


643*8 


76-04 


40-30 


1374 




12 


6 


430 


172 


90-1 


7 


645-0 


76-06 


40-30 


1366 




13 


6 


427 


168 


89-6 


6 


646-1 


76-09 


40-30 


1345 




14 


8 


519 


188 


90-0 


7 


647-3 


76*11 


40-30 


1501 1 


15 


8 


498 


172 


88-9 


8 


648-5 


76-13 


40-30 


1394 D 




16 


8 


529 


190 


89-6 


6 


649-6 


76-15 


40-30 


1530 




17 


2 




92 


89-4 


3 


650-8 


7617 


40*29 


744 




18 


2 


197 


98 


80-3 


3 


652-0 


76-19 


40-29 


786 




19 


2 


187 


91 


89-8 


3 


653-1 


76-21 


40-29 1 736 





The ball's diameter 1-96, and weight 16 oz 12dr. 

The Gun, n 1, without the leaden weights, weighed 4951b. 

The Pendulum as specified the last day. 

The plugs weigh 6 ounces to 7 inches long, not being 
of so dry wood as before. And this rate of the weight of 
the plugs to be continued till an alteration is announced. 

The mean value of z, or, point struck, is 89*29* 

Here 439 lb weight of lead being taken off, ^t the distance 
90*3 below the axis } and the centre of gravity yesterday 
being at 79*8 distance, when the whole weight was 934lb ; 
therefore 495 : 439 : : 10-5 : 9'3 the change in the centre 
of gravity ; and consequently 79-8 — 9-3 = 70-5 = ^ is the 
distance of the new centre of gravity for this day. 
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Also the new number of oscillations per minute for this 
day will be found by this formula, 

375-3V-ii^ = ^15'Ss/ "^50* =40-5; 

»fi 

where' the values of the letters are thus, namely : 

G = 934 

g = 79-8 . 

b = 489 

i = 90S 

n = 40*£ 

Now in this day*s experiments, the 

Charge or weight of Powder 

Mean .height of ditto 
Mean recoil with ball 
Ditto without - - - - 
Diflference, or c =r - - 
Hence velocity by recoil 
Mean ditto by pendulum 
Difference - - - - - 
Or nearly the part - - 



3oz 


4oz 


6 oe 


B oz 


1-8 


3-1 


4-3 


5-8 


192 


321 


431 


515 


« 


115 


192 


• 


• 


206 


239 


• 


f • 


1170 


1358 


• 


755 


1131 


1370 


1475 




+a9 


-12 






I 

TV 


tU 





59 



These velocities from the recoil are found by the theorem 
X Tr-i where the values of the letters are thus : 



96 ^ bin 



O =. 495 
g = 70'5 
b = 1-047 
i =3 89-15 
n = 40^5 



;!* 



TRAct 34. 



In auNNBRr; 



tf 



77. Saturday, September 1 1, 1781. ; /ram 10 tiU 1. 
Very hot and clear, weather. 



N? 


•Ball*8 1 


Vibration of 


Point 


J 


Values of | 


Velofe 


diam 


wt 


gun 


pend 


struck 


PlU( 


P 
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ball 


1 


inches 


oz dr 


58 


- 
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1 


.n 


ib 


inches 




feet 


2 


1-97 


16 14 


249 


225 


89-6llo| 


.654-3 


76*23 


40-29 


1814 


3 


1-92 


16 4 


248 


206 


89-6 


6 


.655 4 


76-25 


40-29 


1730 


4 


1-87 


15 2 


241 


185 


88-7 


■ 8 


656-6 


76-27 


40-29 


1693 


5 


1-97 


16 14 


262 


224 


89'7 


3 


657-8 


76*29 


40-29' 


1815 


b 


1-92 1 16 2 


249 


201 


8 8 -9 


7 


658*9 


76-32 


40-29 


1725 


7 


1-87 


15 2 


236 


177 


88-6 


7 


660-1 


76-34 J 


40-28 


1631 


8 


1-97 


16 14 

* 


165 


165 


90-0 


7 


661-3 


76-36 


40-28 


1341 


9 


1-92 


16 2 


155 


146 


89-3 


o 


662-4 


76-39 


40-28 


1255 


10 


1-87 


15 2 


149 


134 


89-7 


7 


663 6 


76-41 


40-28 


1^228 


U. 


197 


16 14 


165 


165 


89-9 


6 


664^8 


76*43 


40-28 


1351 


12 


1-92 


16 1 


15a 


142 


89-. 


5 


665-9 


76^5 


40-27 


1233 


131 1-87 


J5 2 


146 


1 132. 


89-3 


5 


667-1 


76*48 


40-27 


1222 



The charge of powder xf 1 was 4 oz ; xv* 2, 3, 4, 5, 6, 1 
each 8 oz ; the rest 4 oz* 

The Guj^ was n° 3, and weighed 934 lb. .... 

: At n^ 2 the recoil 249 of the gun is too 9inal] $ owing to 
the stylette, which ought to trace the arc>/not marking all 
the way. - : : 

The Pekoitlum: as left yesterday. 
' The mean value of i,or point struck,, these two days, is 
89"34. 

The object this day was the effect of different sizes and 
weights pf balls, and different degrees of windage.. 

The mean weight of balls and velocity, for the twq 
weights pf powder 4 and 6 ounces, are as follow ; 
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Ball'i 



Pbi 


^i^ 


wt 


ditim 


Itecoil 


V)b1oc. 


wt 


ht 


oz dr 


inches 


gw 


baU 


4 


3-4 


15 2 


1-87 


148 

• 


1225 


• 


• 


16 2 


1-92 


154 


12*4 


• 


u 


is 14 


1-97 


163 


134^ 


S 


J5 2 


1S7 


23? 


i66? 


1 
» 


• 


16 3 


1-a^ 


24^ 


172$ 


• 


• 


16 14 


i 1^97 


2(?? 


181f 



' ■ 

Here the decre^e of the yelocity is unifoinnlj ob^en^Io 
uritb tUe decvefkse of weigbtf la the ball^ ^.^^ tb^t in » y^rjff 
pomsiderable degvee^ mstestd of imcreaisiiig,, whvsh it cmgh| 
t» dO| if the windage we^e tjhe same, or the baNs bad the 
same dtameterj^ and that itk^ tbp reoiproc^l subdupIipo^tQ 
ratio of the weight of the ball, ^ow that ratio ia ib^ 
tatio q£ V15^ to \^l^f or of 11 to U^. Ther^pre, as 
11 : 11^ : : 1346 ; 1424 the Telocity l^e least ba)| woul4 
have had^ if it8 diameter ha4 been eqiial to the heaviest* 
But its Telocity was actually no more than 1225 ; and th^e^ 
fore the difference 199i or i of the whole, or i of the 
ixperimented velocity, is the Telocity lost by the diflbr^iCQ 
of windage ; though this difference was only iV of an inch, 09 
^ of the caliber, which is no more than the ii^ual windage al« 
fewed in sernce. But tbe force, or inflamed powder, lost by 
the same cause, will be |, or a doubk part of the Tetooity, bet 
cause the Telocity is as the square-root of the force or quantity 
of powder. Hence then, in charges with f ounoesof powdery 
and a windage of ^ of the caliber^ f of the chairge is lost^ 
pr nearly a mean between ^ and ^. 

And if the computation be made in Hke manner for the 
aboTe charges of 8 ounces of powder^ it will be found that 
jtbe part of the charge lost by the same windage, will be, iq 
the case of 8 ounces, ^ of the ii^hple ; which k still more 
than the f part, though somewhat less than in the case of 4. 
Ounces. The reason of which is. that the ball is sooner out 



T»f(srS4« 



M omdmir. 



i« 



of the gun with the 8 oz charge^ and so th%^ fluid has less 
tifse to esc^ape in* 



7g. Thwrsdt^f Se ftimh ir 16, 1784. 

; To try the i^tkct of firing the charge of powder io difii»en|; 

parts of it. 



N* 



Vibration of 



gun 



pend 



347 

2 Ins 

'353 
S50 



S 
4 



6 



5 ( 346 1 157 
159 



352 



Point] I ' 
struck 



160 88*0 

161 j 87-8 
155 88-5 
1611 87-5 

87-3 
87*2 



Valaes of 



4 
7 
6 
6 
5 
5 



668-3 

669*4 
670-$ 
671-8 
672-d 



8 I 



674-0 j 76 

■ 1— iL^»— ■ 



76-50 
76-52 
76-54 
76-57 
76-59 
61 



40-27 
4.0-?7 
40-^7 
40-27 
40-27 
40-27 



Veloc. 
#fttie 
baU 



I 



1388 
11387 
1413 
1398 
1369 
1390 



The powd^ 4oz; balPs diameter, 1*96 iuclies; and 
weight 16 oz 9 dr. 
The Gun was n^ 8 ; its weight 500 lb. 
The Pendulum as left yesterday. 
The mean value of i, or point struck, these 3 days, 89*03; 



PAWdet 


nmsoa 


Me^ veloj^. 


wt ht 


gun 


of the ban 


4 3-J . ^ 34-9 - 


- - 1391 



The cartridge of if* 1, 2, and 4 was fired at the fore p^rt ; 
^ S and 5 behind ; and n° 6 in the middle : but th^e do(OjB 
^t appear to be any difFerenae among them. 
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NEW EXPERIMENTS 



TRACT 84. 



79. Tuesday^ September 21, 1784 ;/rom \0\ till \\. 
The weather moderately Tvarni. 



N° 


Pow- 
der. 

oz 


Vibration of 


Point 


bo 

s 

inc 


Values of 


Veloc. 
feet 


gun 


pend 


struck 


P 


g 


n 






inches 


lb 


inches 




ball 


1 


4 


166 
















2 


4 


457 


132 


89*7 


5 


683-0 


76-66 


40-28 


1125 


3 


4 


451 


132 


91-3 


4 


684-1 


76-68 


40-28 


1107 


4 


4 


458 


136 


91-5 


4 


685-2 


76-70 


40-28 


1140 


5 


6 




157 


88-9 


4 


686-3 


76-72 


40'28 


1357 


6 


6 


613 


162 


91-0 


4 


687-5 


76-74 


40-28 


1371 


7 


6 


591 


153 


901 


4 


6^S'6 


76-76 


40-28 


1310 


8 


6 


617 


162 


90-2 


5 


689-7 


76.-78 


40-28 


1388 


9 


8 




163 


89-6 


5 


690-8 


76*80 


40-27 


1420 


10 8' 




168 


88-6 


4 


691-9 


76-82 


40-27 1471 1 



The ball's diameter, 1*965 inches, and weight 16oz 12dr. 

The Gun was n** l , without any of the leaden weights* 
The gun itself now weighs o.nly 179 lb, as it hjas been 
lightened 111 lb, by turning it down, to try if the velocity 
of the ball would be any less by making the gun lighter : 
hva no difference appears, as the iron work is 205, the gun 
and iron together this day weigh 384 lb. 

80. The Pendulum as left yesterday, except that it had 
received a strengthening strap of iron, weighing 7 lb ISioz, 
which, reduced to its centre of gravity, is placed at 79 
inches below the axis. With this ^trap it weighed this 
mornings before the experiments commenced, 683 lb ; which 
is 6*2 lb less than it ought to be, by adding all the balls and 
plugs to the first weight ; of which 6-2 lb difference, about 
1*6 lb is for waste of the leaden facing, and the rest 4*6 lb 
is probably by evaporation: and as the time the pendulum 
has hung iipis II days, the rate of evaporation is about -f 
of a pound per day. The 6*2 lb loss is divided equally 
among all the 32 experiments that have been made. 
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On account of the iron strap of TS lb added at 79 inches, 
asabove^ the formula last given, for the variation in the 
centre of gravity and number of oscillations, will need cor- 
rection, namely the formula 

o = 76-54 + i^l^^i, 

' *''' ^ 670 + 6 ^ 

N = 40-27 - — ~ A/. 

217947 

Now these formulae, by making i = 79, and b = 7*8, become 

o = 76-54 + '03 = 76"57, 
and N = 40*27 + i02 = 40*29. 

And hence the corresponding radical values are nearly 

P g n 

678 , 76-57 40*29 

Which values, being substituted in the two general theorems, 
viz. 

G=5- + ^3, and 

_ Jnn{inn - 140850) 



«B1700/^ + in[i7m + 14085O)> 

they become 



<^ = '76-57 + i-^\ arid 



N = 40-29 - 



67d + 6 
40-39 b7(i - 85-92) 



8920300 + /»»(« + 85-92)* 
i — 85*92 

or N = 40-29 - ^^5^* nearly, 
-which are the new theorems hereafter to be used. 

Note, the mean value of i, for the point struck the four 
last days, is 88-82 ; which, used in these last formula, give 
the corrected. values of g and 7i, as inserted in their proper 
columns in the table of this day^s experiments.— —N^ 7 
is doubtful, and therefore omitted. 

The means of this day are as below : 

Powder Reooil Veloc. of 

vft ht gaa the ball 

4 3-0 - - 455 - - 1124 
6 4-3 - - 615 - - 1372 . 
% 5-5 '^ " - - 1445 . 
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This day Major Blomfield alone tried some cartridges, of 
8 oz each, by firing them behind, before, and in the middle ; 
but he found no sensible difference in the velocities. 

He also, discharged several low balls, weighing only 1? oz 

S dr, and having about *15 of an inch windage; and the same 

balls, when covered with leatlier, so.as to fit closely in the 

bore : but the velocities were the same ; probaUy owing to 

the fired powder quickly blowing off the leather. 

The weight of the pendulum was increased 10 or II Ib^ 
namely, by 8 balls and 58 inches of plugs. 



82. Mcndajf, OctolKr 4, 11%^ ^j from 11 till 2. 
The weather dry, but cold and windy. 
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4 
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4 


8 
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158 


87-6 


6 


704-0 


77-03 


40-26 


1440 


5 


8 


742 


166 


88*2 


6 


705-0 


7705 


40-26 


1482 


6 


8 


742 


163 


SS'l 


7 


706-1 


7707 


40-56 


1482 


1 


8 
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158 


87-6 


6 


707-1 


7709 


40-25 


1425 


8 


8 


749 


168 


89-0 


6 


708-2 


77-11 


40-25 


1517 


9 


8 
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166 


88-8 


6 


709-2 


77-13 


40-25 


1482 


10 


6 
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89*1 


"6 
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77-14 


40^25 


1367 


n 


6 


604 
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90^2, 
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711-3. 
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40*^5; 
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12 


6 


586 


147 


92-3. 


9 


712-4 


77-18 


40-24 


1289 


13 


6 


610 


152 


91-9 


8 


713-4 


77-20 


40r£4 


1321 


14 


4 


457 
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92-5 
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714*5 


77-22 


40*24 


1124 
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4 


453 


120 


92r4 


8 


715-5 


77-24 


40-24 


1041 
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447 
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77-26 


40-24 
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£ 
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77-29 


40-28 


762 


19 


2 


2^9 


87- 


91-4 


4- 
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Tbe biiU'8 dkunettt^ l-df^ and weight altariMi^tly H 02 
lOdrand I60Z I4dr« 

the 09N n° 1, itttilOBt the Ittidi^ 1wr|%tod 9S4 lb. 

The pBNBi^LUk thfe sfttne as l6ft hftfiging siiiee the lam daf. 

I%f9 day was a ecmdiitiatiw df th^ «icp«imBent$ wiih ifa«^ 
Jigbi gtin^ agaiii to trjr if the r€\otity was ali«r«d; Bift 
witii^t ^sSf^ti The mcsafiii as bek^w : 

Powder*s Weight 2 oi 

^ ^ - height l**7i 
Recoil of gun 273 
Velocity of balll59 

The mtm weight trf the balls is 16 oz 12 dt. 

The mean value of t^ for the point (^ack^ was 89*3. 
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Bis Tuesdaj/^ October 5^ it^i^/roni II till X 
The weather fine and warm. 
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The firi^li charge of powder was 4 oz^ all the rest $ oz. 
The diameter of the balls was 1*96, the first weighed 16oz 
lOdr, all the rest IQ'ols 14dt. 

The Gun was dp 1 , with 687 lb ^f lead ibced to it^ nanbely^ 
43311b about the tmtHiioas, and 259 jib lashied upon Ae li^per 
side of the gun, close to, alMtbrfoi<6 and behind the stiem : 
these, ^nOk 384 lb for the g\iai niA iti^ti tdj^har, ttdte i^ 
all 1071 lb. 
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KEW EXFERIMENTS 



TRACT 34. 



,Thc object was again ,to try if the velofcity of the ball 
would be increased by diminishing the recoil of the gun. 
And, for the severfer trial, a great quantity pf heavy timber 
w«is laid behind and against the cascable of the gun in the 
la$t three rounds, so as to stop the recoil intirely, which it 
did, excepting for about the i or -{^ of an inch, which the 
gun pushed the timber back, as expressed in the column of 
recoil. But the result was still the same. 

The Pendulum the ^ame as left hanging since yesterday. 
. The mean value of i, or point struck thelast 6 days,is89'4. 



84. Wednesday, Octobers, 1784. 
The weather clear, but windy. 
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Th? first charge of powder was 4 oz, all the rest 8 oz. 
The ball's diameter 1-95; and weight 16 oz 9 dr. 

The Guif n?^ J, with leads, weighed 817 lb. 

The Pbndulum as left yesterday. 

Yhe mean value of i, or point struck, these last 7 days, 
89-3. 



TRACT 34. 



IK 6UNMBRT. 



ia 



The object this day was the effect of cork wads, and of 
different degrees of ramming. The cork wads were near an 
inch long, and were made to fit very tight, being rather 
iBore than 9, inches diameter ; and weighed 5 drams each: 

I N'» 1, 2, 3, 8, 9 were without wads, 

4, 5, 10, 11 with a wad gently pressed home, 
. ' 6, 7, 12, 13 with a ^ad, and hard rammed by^2 men. 

At n^ 12 one of the iron bands of the pendulum broke, 
and fell across the measuring arch. The band weighed 
41 lb; n" 13 was fired after the band was removed, and 
consequently 41 lb must be jdeducted. 

The velocities are 
1396 the mean without wads. 

1408 with wads not pressed. 

« 

1442 with wads very hard rammed. 

Mean recoil virithoyt ball 
Ditto with b^lL 

N<> 13 is very doubtful, the vibration of th^ pendulum 
being evidently too lalrge ; perhaps 174 had been set down 
instead of 164. 

In the above there seems tb be some small advantage in 
favour of the wads. But it is suspected the difference is 
only accidental ; and the number of experiments is too small 
to afford any tolerably good mediums. 
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Mondm/y October 1 1 , 17a* ; Jr&m II HU^. 
The weather cold dnd cloudy. 
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, The first charge of powder was 4 oz^ all the rest 8 oz ; 
the ball's diameter 1*95. 

The Gun 11'' 1, weighed 817 lb. 

The Pekbulum^ bad ks baad repeicedi, whiek did Bdt 
however alter its weight. The whole weighed tsfais iiftornu^ 
7,33^ lb. Now the wet^t 0f tiie balk and pbigS' m the kst 
5 days is 62 lb, which, being addedr to 68^ Ib^ die weigiM: of 
the jpt^Ddulum on Sepieviber %^^ it makes 7i45]^ which i» 
1 1 4- lb more than it wdgbed this oioriililig. For this defeet 
I know of no cause but evaporation : for in this time there 
was no waste of leaden facing, as the other end of the block 
was used, which was not covered with lead. The time 
in which this 1 1 j. lb was lost is 20 days, which is nearly at 
the rate of 4^ a pound each day. This defect is therefore 
divided equally among all the days. 

The mean value of t, for the point struck these 8 days, 
is 88-8. 



TBAVt^ 
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The object this day was agiift the effect of ccnJL 
and diflbrent dc^ees c^ ramouBg. 



Htof 
Powder 



N**' 2, 9 were without wads - - - 5'B5 

3, 5y 7 with wadsj not rammed - - 5*87 

6, 8 a wad, and very hard rammed 4*40 

10, 11, 12 awad, and moderately rammed 5*20 

13,14, d wads over powder and 1 over 1 . , . - 
ball, and very hard rammed J 

Mean of all- - - -- - - -.- 5*15 



N 



8, 4 

5, 6, 7, 8, 9, 10 

11, 12, 13, 14 - - 

Mean of all - - - 16 7 

In this COIURB0 the wads have no perceptible effect. 
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Mean 
Velocu 
1463 
1456 
1417 
1444 



86. Tuesdtfg/, October 12, 1784 ; fnm II tiU I. 
The weather fine and clear. 
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The first charge of powder was 8 oz, all the rest 16 oz ; 
the ball's diameter 1-96 inches, and weight 16 oz 11 dr. 
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The Gun n* 4, weighed 928 lb. 

The Pendulum as left yesterday • But it was quite 
broken and useless at the end of these experiments. 

The mean value of V, or point struck these 9 days, 88*6. 

The object this day was the effect of firing the chargepn 
different parts, either before, or behind, or in the middle : 
for which the means are as below : 

Mean Veloc. 

N*" ^, 6 fired before - 2020 

3, 7 in the middle - 2124? 

4, 8 behind - - . 2036 
Mean of all — - - . 2060 
Mean recoil of gun - - 409 

!N° 5 is omitted as doubtful. 



THE EXPERIMENTS OF 1785, 

87. Several of the experiments, of the two former years, 
being not so regular as might be wished, we have^gain 
undertaken to repeat some^ of them, and to add still more 
to the stock already obtained, that the mediums upon the 
whole 'may be tolerably exact, the great number of repeti- 
tions counteracting the unavoidable small irregularities, anil 
deviations from the truth, in experiments instituted on so 
large a scale. For this purpose, we begin with the gun n* 2, 
and use charges of 8 ounces of powder ; ai\d have formed 
the resolution of firing every shot into a fresh and: sound 
' part of the block of wood, and changing the Hodk very 
frequently, before it become too much battered, that the 
penetration of the ball and the force of the blow may be 
obtained with the greater degree of accuracy. 
' It is also proposed to procure some good ranges, to com- 
pare them with the initial vielocities made under the same 
circumstances ; from the comparison of which we may esti«« 
mate the effects of the resistance of the air, and so lay a 
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founclatioii for a new theory of gunnery. . It is rather difficult 
to obtain with accuracy such long ranges as our initial velo- 
cities would produce, being, from 1 mile to 2 miles, when 
the projection is made at an angle of 45 degrees ; for in 
such long ranges our small balls cannot be seen, when they 
fell to the ground. We were obliged therefore to have 
recourse to the water, in which the fall of the ball can be 
much better perceived ; because the plunge of the ball, ia 
the water, breaking the surface and throwing it up, makes 
the place visible at a great distance. But then another 
difficulty occurs, how to obtain exactly the distance of the 
fall, or length of the range, as the mark made in the surface 
of the water is visible but for a moment. This difficulty, 
however,our situation at Woolwich, cJoseby theriverThameSy 
enabled us to overcome, as well as iafforded a good length of 
range. For, at our situation in the Warren, the river makes 
9 remarkable turn, and forms below us the part called the 
Gallions Reach, a map of which is here given in plate i. 
In this map, A denotes the point where the guns were 
placed, being the Convicts' Wharf, which is so called be- 
cause it is there that the convicts, or felons condemned 
to work on the river Thames, land their gitivel, and upon 
which they usually labour. From this point we have a con- 
venient range of about a mile and a half towards b, in the 
county of Essex, where there is a private or merchant's 
powder magazine. The buildings near c consist of the 
academy and a noble range of store-houses *, and from thi^ 
point we should have had a still longer and more convenient 
range, had not our view from hence been interrupted by 
four large hulks, which lie, for the use of the convicts, 
in the river opposite the part between this point and the 
poUitA* Having found this convenient situation for our 
operations, we made an exact survey ^aud map of the two 
sides of the river, both ways beyond the extent of the ranges; 
and fixed on convenient stations at d and £ on the south 
?ide, and r and g on the north side of the river, to place 
jtwp parties of observers^ who might mark the place where 
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each ball should fall m the water, as well aa Dele down the 
time employed by the ball in flying tbrongh the air, from 
the visible discharge of the gun to the plunge of the ball m 
the water. The ni^ethod of determining the place of the 
fall was this : Two parties of observers, eonsiating of three 
or four steady and intelligent young gentlemen cadets in each 
party, having taken their stands at d and v, or b and &, 
according to the expected length of the range, carefully 
watched the discharge of every ball from the gun at A ; 
then tracing it, as it were, tbroi^h the air by the locid 
whizzing noise it made in its flight, their eye was prepared 
and directed gradually towards the place of the fall, whicb 
they seldom missed of observing. Then immediately cm 
perceiving the plunge, some of them noted the time of flight, 
^y ^ good stop watch, while others observed some remarket 
ble land object on the opposite coast, and directly in a line 
with the place in the water where the ball fell. This dotie, 
they directed the telescope or sights of an instrument, such 
as a theodolite or plain table^ to that object, and noted the 
position of it. This being done by each party of observers^ 
and the line of position from each station drawn on the plan^ 
afterwards at leisure, the intersection of those tines gave 
very exactly the place of the fall, and consequently its 
distance from the gun. In this manner then were determined 
all the ranges and times of flight registered in the following 
experiments ; those places being left blank wtere the 6bser<r 
vation was either doubtful, or not made at all. The times 
of flight were also sometimes observed at the gun ifself^ 
ivhere the plunge of the ball could often be perceaved* 

In this map of the river in plate i, the dott^ Une on 
each side of the river, denotes low-water Doark ; the ttM 
black line next without it denotes high- water mark ^ aii4 
the other, or outermost line, is the land bank which hes 
*been raised in former ^es, i?ifh immense ^oar, frooi 
Greenwich for many miles below, to prevent the waters of 
the river from overflowing the adjacent fields, which it woirici 
do every tide^ 98 they lie low and are otherwise very niarshyt 
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as. Wednesday, August 31, 1785. 

Emplojred thii* (Jay in making part of the survey by the 
>ide of the Aver, for forming the map, and fixing the sta*- 
lions proper for the parties of observers to occupy, in 
watching the fail of the balls in. the tiver ; and for other 
purpo9es. 

We weighed and measured the pendulutn, which had 
jbeen prepared in a very complete manner, and with stronger 
band$ than before^ It weighed just 795 lb. And, by a mean 
(rf several times balancing and vibrating, we found 78^ 
mches to be the distance pt the centre of gravity below the 
axis, arid 40*07 the number of oscijfations per minute. 

After executing part of the survey by the side of the 
^ver, we fired a few balls upon the w^ter, from the Con- 
victs* or Proof Wharf, to try whereabouts they would fall, and 
thereby tor judge of the proper places for the observers 
to be stationed at. The gun was n^ 9, with 8 ounces of 
powder, and was tried at (different elevations. When the 
gun was elevated at 45 degrees, ^e balls f anged much too 
far,, going beyond the stretch of the river, and falling on 
the cpast of £^x below the point «• But at 15 cjegi^ees 
jglevatioo, the b^ls rang;ed to a very convenient distance, 
namely,. ^ little more thaa a mile* And their fall in the 
water could be very well seen from the aide of the river 
pearly opposite the place of the fall, and sometimes from 
^e gun itself. 

On this occasion I took out with me, and employed the 
first class of Gentlemen Cadets belonging to the Roya| 
Military Academy, namely, Messieurs Bartlett, Rowley, 
Pe Butts, Bryce, Wm. Fenwick, Pil^ington, Edridge, and 
Watldns, who have gone through the science of fluxions, 
and have applied it to several important considerations in 
patural philosophy. Those gentlemen I have voluntarily 
(0ned and uadertakea to introduce to the pra9tice of these 
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interesting experiments^ with the application of the theory 
of them, which they have before studied under my care. 
For, though it be not mv academy duty, I am desirous 
of doing this for their benefit, and as much as possible to 
assist the eager and diligent studies of so learned and amia- 
ble a class of young gentlemen ; wha, as well as the whole 
body of students iiow in the upper academy, form the b^st 
set of young men I ever knew in my life ; nay,. I did 
BDt think it even possible, in our state of society in this 
country, for such a number of gentlemen to exist together 
ID the constant daily habits of so much regularity and good 
manners^ their behaviour being indeed perfectly exemplary,, 
aiid the pure effect of true philosophical principles, arising 
from a rational conviction of the propriety of a regular geiod 
conduct^ which is such as would do honour to the purest 
and most perfect state of society that ever existed in the 
world : and I have no hesitation in predicting the great ho- 
nour and future services, which will doubtless be rendered to 
1^ state by such eminent instances of virtue and abilities.^ 



89. Thursdaiff September 1, 17&5» 

Went out with the same class of eight young men, to coin-> 
plete the survey of the river side. The weather changed to 
rain after we were out, which continued the whole time, and 
to such a degree as to wet us entirely through all ourclothes. 
Yet every one went through the business, not only willingly, 
but even chearfully. 

» At this distance of time, anoo 1812, and long^ before, the world has had 
the satisfoction to find, that this prediction has been most amply and acco* 
lately fulfilled, in every iastanee. 
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90. Friday^ SepUmbei^ 2, 1785 ; from 9 tilt S. 

The weather rather windy and cloudy. 

Barometer 29*8 ; Thernaometer within 66*. 

Went with Major Blomfield and the same class of cadets, 
and made the following set of 14? experiments, the first 
8 balls beingvfited into the pendulum, and the other 6 down 
the river, to get the corresponding ranges. 
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The charge of powder was always 8 oa; the balFs diameter 
iseSf ;^nd weight 16 oz 13 dr. 

The Gun was n" 2. It was not hung on an axis, as in the 
two former years, but mounted on a small carronade car- 
riage, made for the purpose, both in the last 6 rounds, 
which were fired down the river, aqd in the first 8 rounds, 
which were fired into the new pendulum, at the same di- 
stance as formerly, or about 35 feet, and each ball into a 

VOL. ixi. D 
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. fresh part of the wood, both to obtain the force of the blow 
the more accurately, and to take the penetration of the' 
ball in the solid wood, which we did evety time by pushing 
m a wire to touch the hinder patrt of the ball : these penetra- 
tions are various,, according as the part struck was more or 
less compact^ and they are rather larger than was expected, 
the medium of all being 18-,^, though the block of elm, as 
the carpenters assured us, was sound,, dry, and well-sea- 
Soned wood. The penetrations are set dpwn in the last 
column, and are for the fore part of the balls, the diameter 
having been always added to the length of the wire. 

The PoWder was not of the same parcel as the two 
former years'; but it was from the same maker, and made 
as nearly similar to the former as might be- The charges 
were gently set home, and all circumstances made alike. 
The mean length of the charge of S oz was 4*84. 

The Pendulum had been kept close covered with a 
painted canvas cloth since the first day that it was weighed 
and measured, to preserve it from the weatben The plugs 
weighed 9 ounces to every 11 inches in length ; the whole 
weight of all the plugs, together with that of the 8 balls, 
make up 13 lb, wanting only an ounce and a half; and 
when the pendulum was taken down and weighed this after- 
noon, its weight was found to be 808 lb, which is just 13 lb 
more than its weight at first. So that it has neither lost 
weight by evaporation, nor gained by imbibing mbisture: 
owing, probably, to the circumstance of being covered by 
the painted canvas. All the apparatus was in good order, 
and the experiments all very accurately made. 

At the beginning of these experiments, the values of 
y* g% w> beinjf ;> = 795, ^ a= 78^, n »= 40'07 ; if these vainen 
be substituted in the two theorems 

6w(mn ^140850) 
^ " SanOOiog + bi{y^n + 140B50/ 
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for the correction of g and n, they become 
o « 78-33 + IzZi^i, 

X - 4.0-07 1 '40O7fti(i-87'16) 

n — *V-V/ 1085^,700 + H(i + 8716)» 

^,vr^ 1-8716,. , 

or N = 40-07 - 37o545*» nearly. 

And by these theorems the numbers in the columns g and n 
are made out, the mean value of i^ or point struck, being 

The last 6 rounds were fired down the river from the 
Convicts* or Proof Wharf at A, and the place erf the fall 
observed by two parties of the cadets, stationed at d and s. 
The gun had \5 degrees elevation. The fall of the first 
only could be seen at the gun, where the time of flight was 
observed by a stop watch, and found to be 14 seconds. The 
two parties of observers at d and e had no time-piece with 
them, so that the other times of flight could not be ob- 
served. The medium range is 5916 feet or 1972 yards. 
The last tv^o balls went close over the heads, and just fell 
bcjLond, the lower party of observers, at e ; yet notwith- 
standing their imminent danger, they gallantly resolved 
to keep their ground, if any more rounds should be fired, 
not knowing immediately that we intended not^firipg any 
more at that time. These two rounds were probably de- 
flected thus a little from their course by the usual causes of 
deviation. And perhaps the two former rounds bad been 
still farther deflected, and thrown on the land, as the 
observers saw nothing of tjiem. But the gun was pointed 
in a direction rather nearer this south side of the riv^. 
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NEW EXPERIMENTS 



TRACT 34. 



^1. Thursday J September 8, 1785 \from \2to Z. 

The weather close and warm, rather hazy. 

Barometer S0*02 ; Thermometer %S* within, but warmer 

without. 



N' 



1 
2 
S 
4 
5 
6 
1 





feet 
6460 
6080 



Whereaboats the Balls fell 



Near the middle of the river 
Near the north side 



means 14-7 6216 



6040 Ditto 
6540|Ditto 

6460jNear the middle 
5720 On the south bank, and within 
40 yds. of the lower station e 



These 7 rounds were fired down the river from the same 
place as before ; the elevation of the gun hieing 15 degrees, 
and all other circumstances the same as before. The 
gun was pointed nearly to the middle of the river ; yet the 
balls fell mostly wide of the direction, and that both ways, 
some falling near one side of the river, and some near the 
other> though there was not the least wind. The times of 
flight were taken with a stop watch, at the lower station of 
observers at e, by noting the time between seeing the flash 
of the- gun and the plunge of the ball in the water. They 
run from 14 to 15^ seconds, and accord very well with the 
ranges, t!ie larger to the larger : the medium is 14*7 se- 
conds; and the medium range 6216 feet, or 2072 yards. 
N* 3 was not seen. The mean length of charge 4'8 inches. 

The same parties of young gentlemen kept their station 
very gallantly^, and made no hesitation in ofiering to attend 
and observe there for the remainder of the experiments, 
though some of the balls this day again fell near them, and 
one indeed within 40 yards of them. . 
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92. Fviday^ September 9, 1785 ; /row 9i till 1. 

The weather very fine and warm. 

Barometer 29*93 ; Thermometer, within, 6Q*. 



N^ 




.A^ 



I 
2 
3 

4 



99 
107 
114 
115 



Point 
struck 



i nches 

79-0 

82 3 
187-1 
87-3 



Plugs 




Values of 




Veioe. 
ball 










P 


g 


n 




inches 


lb 


inches 




feet 


9 


805-3 


.78-48 


4006 


1162 


10 


806-7 


49 


06^ 


1208 


10 


808-1 


50 


07 


1218 


S 


809*6 


51 


1 07 


1228 



Penetr 



inches 

16-7 
16-4 
16-7 



mediums 1204 \^'^ 



The charge of powder was 4oz ; the balPs diameter 1*965, 
and weight 16 oz 12 dn 

Thpee 4 rounds were fired into the same pendulum as was 
left hanging on September 2, which had been kept under 
cover since that time. After these 4 rounds, it weighed 
81 lib, which is 2^ lb less than it ought to be, when the 
weigiit of the 4 bails and plugs are added to its former 
weight, and which 2|- lb it must be supposed to have lost by 
e\'aporation in the course of the 7 days, which was mostly 
dry, warm weather. 

The plugs weighed 9 oz to 14| inches. 

Mean length of the charge 30. 

We could not venture to fire down the river this day, oa 
account of the great number of ships that were upon it- 
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NEW EXFSRIMSirt* 



TUACT S4t. 



9$. Saturday y September 10, {7S5; front 12 till 2, 

Fine dry weather. 
Barometer 29*8 ; Tbermometer 66^. 





N^ 


Pow- 
der 


Ball's 


< 
Penctr. 

> 
inches 


1 
Recoil 




wt 


diam 




oz 


oz dr 


inches 


inches 




1 


2 


16 10 


1-96 


6-1 


2-5 


r 


2 


4 


• "■ • 




12-2 


7-0 




3 


8 


• • 




20^8 


15-8 




4 


21 


• • 




6-7 


3-0 




5 


4 


• • 


, 


14»4 


5-0 




6 


8 


• • 




g30 


17-5 


t 


7 


2 


16 12 




7-8 


2-5 




8 


4 


• • 




14-0 


T5 


1 


9 


8 


• • 




20-7 





These 9 balls were fired into the root cod of a block 
of elm, laid upon the ground, to obtain the penetration 
with different charges, each ball being fired into a fresh and 
sound part of the wood, and in the direction of the fibres. 
The wood was moist within, as was discorered by boring 
out the balls ; but it was hard and firm of its kind, being in 
the root, or the root end " after the body of the tree was 
sawed off from it. The penetrations are for the fore part of 
the ball, as usual. 

The gun was n** 2, ^nd mounted, as in all the experi- 
ments of this year, on a -small sea gun carriage, without 
trucks, but fixed on a base like a mortar bed, and slid along 
the ground or platform in recoiling. 

The muzzle was placed at 79 inches from the face of the 
block* The mean penetrations and recoils are as follow ; 



Powder 


Penetr. 


Recoil 


2 OZ 


6-9 


2'7 


4 


13-5 


7-8 


S 


ai-2 


16-7 



TRACT S4. 



IK 6UKN£EY> nS^* 



3» 



So that the penetrations are nearly 7, 14, 21, or nearly 
as 1^ 2^ 3f or a^ tiie Ip^arithm^ of the weights of powder* 



94* Wednesdaj/, September 14, 1785 ; from 10 ^iZ/ 12>. 

A fine warm day. ' 

V 

Barometer SO -5 ; Thermometer, wi^hia, 67*- 



I 




Ball's 




■ 


N« 


Powdei 




Time 


Rtogc 


wt 


diain 


— 


oz 








• 


oz dr 


inches 


•ec 


feet 


1 


4 


i6, 12 


1-96 




' 


2 


• 


. . 1 • I 




3 . . . 


10 1 4730 1 


4 


. . . 1 




7^. 4030 1 


5 




• • 




8 


4450 


6 




• • 






4380 


7 




• • 






* 


8 




• • 




j 


^ _ 




me 


diums 


8-4 I 43d8" 



These 8 rounds werie Brei down the rlrer as before. The 
gun n'* 2, and elevation 15 degrees, as usual. One party 
of th^ young gentlemen was stationed at p as before, but 
the other on the north side of the river at DuvaPs house 
at F. This last party 9^w only one ball plunge, and the 
first party saw four ; which however proved sufficient for 
determining their ranges, bec^Mi^ they ali^ fell near the 
middle of the river, a circumyt^ncfi wJ^i/Qh we aUo at the 
gun could sometimes perceive. 

The mean time of flight was aboi^t ^j- ^^owisj ^n^ t^ 
me^n raJCige 4398 feet, or 1466 yards. 
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nKw experiments 



TRACT 34. 



95. Saturday, Septtmher 17, 1785. 



1 
2 
3 
4 
5 


Powder 


Bali's 


Penetr 


wt 


diam 


9Z 

12 
14 
16 
10 

8 


oz dr 

16 12 

• • 

• • 

16 14 

• • 


inches 

1-96 

• 

• 

1-97 

• 


inches 
22-0 
23-6 
24-0 
22-3 
18-1 



These 5 balls were fired into the same block of elm root 
as on the 10th instant, to get a greater variety of penetra- 
tions. 



96. Tuesday, September 27, 1785. 





Bali's 




vo o^.„j«> 




Penetr. 


i.^ 


k uvyuci 








wt 


diam 






OZ 


oz dr 






1 


8 


17 


' 20-5 


2 






20-6 


3 




. 




21-6 


4 








20-5 


5 








11-0 


6 








17-3 



Penetr. Part of the pharge fired at 



\ Back part 
I Middle 



I Fore 






part 



These § also xere fired, from the same gun, into the 
same block, to try the difference by firing the cartridge 

either behind, or before, or in the middle. ^There must 

be some mistalie in the numbers in the last two rounds, 
which cannot possibly differ so much from the other num- 
bers. 
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97. Wednesday J September 28, 1785. 

A fine clear day. 
Barometer 30-35; Thermometer 60. 







Ball's 








^ 


Powder 

» 




Elevatioo 


Time 


Range 


wt 


diaoi 




oz 


oz dr 


inches 


degrees 


sec 


feet 


1 


4 


16 101 1-971 


15 




5180 


2 


4 


• • 




• 


H 


4370 


3 


4 


• 




• 






4 


4 


16 7 




• 


^ 


4020 


5 


2 


• • 


• 


45 




5120 


6 


2 


• • 




• 
1 


2H 


5300 


7 


2 


• • 




• 


21 


5200 


8 


2 


• 




• 




4120 


9 


4 


16 11. 


1-95 


15 




• 


10 


4 


• • 




• 


134 


5770 


11 


2 


1 6 7 


1-97 


45 


23 


5600 


12 


2 


16 10 




• 







These 12 rounds were fired down the river : the gun, 
stations, parties of cadets, &c, as before. The fall of 
those balls was not seen whose range is not set down. With 
2 oz. of pdwder the gun was elevated 45 degrees, but 
with 4 oz only 15 degrees, as before. The mediums are as 
below: 



Powder 


E!ev. 


Time 


Range 


2oz 


45^ 


22" 


5068 


4 


15 


8^ 


4523 



Rejecting n* 10, as very doubtful ; a mistake most likely 
having been made in the weight of the powder. 
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NEW EXPERIMENTS 



TRACT 34. 



1 



98. Thursday^ September 29^ HSS* 

A fine clear day. 
Barometer '30*35 ; Thermometer 60. 







Bail's 




1 1 


N» 


PnwHpr 




Rlf^Vfltinn 


Time 


Range 


X UWUCI 


Wt ' 


diam 


I^IC V Bl>l Ul I 


oz 


oz dr i 


nches 


degrees 


sec 


feet 


1 


2 


16 12 


1-95 


.43 


20 


5120 


2 


• 


• • ) 






19 


4730 


3 


• 




• 






■^« 


20i 


5370 


4 


• 












20 


5120 


5 








/ 




• 


22i 


5510 


6 












- 


20 


5050 


7 


12 










15 


17 


7120 


8 








• 






IOd 


4860 D 


9 














9d 


4880 D 


10 














14 


6660 


11 








■ 








5500 


12 


• 












7520 



These 12 rounds were fired on the river, and observed as 
before. N"* 8 and 9 are very doubtful : the means of the 
rest are as below : 



Powder 


Election 


Time 


Range 


2oz 


45* 


20j. 


5150 


12 


15 


15ir 


6700 



59. The same day the following 6 rounds were fired 
into the block of elm root, to try the penetrations with and 
without wads ; the first 4 being with a wad over the powder, 
and hard rammed \ the other two without. 
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MO Dm»«1o» 


Bairs 


PeDetration 


Jrl 


A^VTVV^I 


wt 


diam 




OZ 


oz dr 


inches 


ioches 


1 


8 


15 n 


1-95 


16-1 


2 


• 


• s» 




21-4 


3 


t 


» 


* ' 


> 




20-6 


4 


« 


> 


• 1 


> 




19-8 


5 




» 


• « 


1 




19-8 


6 


• 


• 


■ 




210 



With wads 

Without 
ivads 



100. Tuesday, October ^^ 1785. ' 
Fine morning, but turned to rain about noon. 

Barometer 29*93. 







Ball's 






N*» 


Powder 




Time 


Range 








wt 


diam 


- 




QZ 


oz dr inches 


sec 


feet 


1 


8 


15 3 1-96 




6330 


2 


• 


• ^ • 


• 




5770 


3 


• 


• • 


• 






4 


• 


• • 


• 


8i 


4800 


B 


• 


• • 


• 




4880 


-.. 


medium 5600 



These 5 rounds were fired on tbe river^ and observed as 
before. 

The Gun was n** 3, and its elevation 15 degrees. 

The balls were not good ones, and tbe ranges very irre- 
gular ; and the medium 5600 feet, or 1867 yards, too low ; 
perhaps owing to the lightness of the balls. 
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101. Tuesday y October \\y 1785. 

The weather fine. 
Barometer 29*8S ; Thermometer 60.. 



ISP 


Powder 


Bali's 


rwy\ _ 


Raoge 




Time 






wt 


diam 


sec 






oz 


oz dr 


inches 


feet 1 


1 


8 


15 12 


1-96 




5580 


2 








• 






3 










• 


10^ 


5270 


4 










• 




5990 


5 










• 


9 


4910 


6 








• 


11 


5750 


7 








»i 


6140 


8 


• 1 




• 


1 1 .5700 










m( 


eai^s ] 


I Of 56 2Q 



These 8 were fired iq the river, and observed as before. 

The Gun was n*" 3, and was elevated 15 degrees. 

The ranges are again low, probably from the lightness of 
the balls. 

The usual causes of deflection carried three of the balls, 
namely, the 1st, 7th, and 8th, very near the south station 
at E ; and then fell almost close to the party there. In 
general it was observed that the balls deviate from their line 
of direction, or middle line of the river, to each side, by 
half the breadth of the river, or from 300 to 400 yard* ! 



TRACT 34. 



IN GUNNERY, 1786. 



45 



EXPERIMENT IN 1786. 

102. Monday J June 12, 1786 ; from 10 tOl I. 

Fine weather. 
Barometer 29*89 ; Thermometer 63^ at 9 A. M- 
*. The Gun was n° 2. 



_ 




Ball's 






Time 


• 


N** 


Pnur/lpr 




] 


Ele?at 


of 


Range 


oz 


diam wt. 


gun 


flight 


7 


inches 


oz 


A 


deg. 




1 


2 


1-96 


16 


6 15 1 


■ 


2 
3 


• 


1*96 




6 


14d 


5000 D 






1-96 




6 




5040 Dl 


4 






1-96 




6 




8 


3920 


5 






1 97 




7 




7i 


3560 


6 






1-96 




5 




8i 


3910 


7 


1 




1-96 




5 




lOi 


4450 


8 


1 




1-96 




5 




9i 


4280 


9 


1 




1-95 




5 




8i 


3910 


10 


4 




1-96 




4 




15d 


5600 D 


li 






1-96 




4 




84 


3910 


12 






1-96 




4 




lU 


4750 


.13 






1-96 




4 


• 


94 


4270 


14 


1 




1-96 




4 




10 


4230 


i5 






1-96 




4 




9i 


4000 


16 






1-95 




3 






4960 D 


17 






1-95 




9 




H 


4420 


18 


4 


1-95 




3 .1 


4840 


19 


4 


1*96 




3 . 


lu 


4690 


20 
medi-? 


4 


r^ 




2 


• 
15 


104 


5650 


2 


1-95? 


16 


5 


9t 


4130 


ums 5 


4 


1-957 


16 


2| 


U 


11 


5060 



The ranges were taken from observations, as before, at 
Duval's house, and the first gibbet. The first 17 rounds 
i^rere fired this y^ar, with two ounces of powder, to com- 
plete the series of ranges at 15 degrees elevation of the gun ; 
apd the last three rounds, with 4 ounces, to try if the pow- 
der was of the same strength as before : and which, by 
.comparing these three ranges with those of last year, ap. 
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pears to be now somewhat stronger. So that these ranges 
and times, it may be presumed, are too great in respect of 
those of last year* They are also Evidently very irregular ; 
owing perhaps to the inequalities of the balls, which were 
only the remaining outcasts from the whole stock we first 
began with, having been rejected either from their light- 
ness, or from the irregularities of their surfaces. And 
sometimes indeed the ranges and times, here set down, 
were not very accurately obtained. The mediums of all, 
except^those marked doubtful, are placed at the bottom. 

A SUMMARY OF THE EXPERIMENTS ; WITH PHILOSOPHICAL, 

REMARKS AND DEDUCTIONS. 

103. We have now got so far through this long annual 
course of experiments; and have detailed them in so minute 
and circumstantial a manner, as to enable every person fully 
to comprehend and make his own use of them ; without 
subjecting him to the dissatisfaction of having mediums ^nd 
results forced upon him, unaccompanied with the fair and 
regular means of assuring himself both of their justice and 
propriety. We aTe now therefore to make some use of 
these experiments^ by pointing out the philosophical laws 
and deductions that flow from them, and making such other 
remarks as may be suggested by the various circumstances 
attending of them, or that may be useful for improving or 
further extending experiments, accompanied with such im- 
portant consequences in natural philosophy. AYmI for these 
beneficial purposes, it will first be necessary to bring the 
mediums and results together into an abstract, or one cqm- 
prehensive point of view ; to form as it were the sure and 
regular foundation for the future structure we hope to 
be able to raise upon them. 

OF THE LENGTH OF THE CHAJIGB. 

104. And first we shall deduce the lengths or heights of 
iSie charge of powder, for every 2 ounces in weight ; or tfae^ 
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part of the bore of the gun which every charge occupies : a 
thing very necessary both to show the part of the bore, 
occupied by the charge, corresponding to the greatest or 
aiiy ()ther velocity of the baU, as also to compute a priori, 
from theory, the velocity due to every charge of powder. 
Nowthe length of the charge was taken at every experiment, 
by means of the divisions of inches and tenths marked on the 
rammer, the mediums of most of them being specified for 
each day in the preceding account of the expefiments ; and 
those mediums of each day are here in the following table 
collected and ranged in columns, each under its respective 
wieight at top, extending from 2 to 20 ounces : 





2 4 


6 


8 10 1 IS ) 14 


16 18 1 


so 


1 


1-7 3-a 


4-6 


5-9 


6-93 


8-4 


9-8 


106 


12-3 


13-2 




1-7 


S-2 


4-4 


5-9 


6-97 


8-2 


9-27 


iro 


12-10 


13-3 




2-1 


3-3 


4-5 


6-1 


6-9 


8-3 


9-55 


11-2 




13-2 




1-8 


3'23 


4-43 


6-2 


6-97 


8-23 


9*4 


11-4 








1-8 


S-33 


4-2 


5-67 


7-0 


8-3 


953 


10-9 








1-7 


S-24 


4-5 


6-0 




8-37 




11-0 








1-7 


3*2 


4-44 


5-7 




8-07 




10-8 






t 


1-87 


3-2 


4-4 


5-72 








11-13 








1-9 


3-1 


4-37 


5-6 








11*38 








1-85 


3-n 


4-27 5-63 








11-26 








1-9 


2-9 


4*28 5'65 








11-1 






1-8 


3-4 


4-12 


5-6 








10-6 








1-9 3'13 




5-6 








10-97 








1-9 


31 


5-83 








10-87 








rss 


S08 


5-7 




. 1 10-85 






ll-7» 


3-4 


l5-77 


1 




10-79 










3-1 




5*88 










\ 








3-0 




5-45 














' 




9^-95 
SO 




5 '4 
5-74 








' 










SI 




5*85 


















SI 




5-4 


' 












• 




3-03 




4-84 


< 




. 










'.. . 






4-8 


I 6-95 


18-2'; 


[ 9-5 1 

*i^ • « * 




»•.•■• . ■ * 




|1'8^ 


315 4'38l5-6€ 


lO-'99 12*22 


13*23 




mnA\ 


n fhi* 


Trtiirck 


ef lin< 


a a%*A 


C£x¥ fli 


-Msrn f 


Tick nriAai 




rv all i-nd 



former mediums, or numbers in each column, the numbers 
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in which last line of means are found by adding into one 
sum the numbers in each column, and dividing that sum by 
the number of those parts.^ And thus we have obtained the 
mediums of the mediums for each day, which must be very 
near the truth. But to find how near they are to the truth, 
and to correct them, let these be collected and ranged as in 
the second column of the following table of the heights of 



wt. 

oz 


Irregular 


Regular 


Correct 
means 


means 


cliffs 


diffs 


means 


2 

4 

6 

8 

10 

12 

14 

16 

18 

20 


1-82 

3-15 

4-38 

5'66 

6-95 

8-27 

9-51 

10-99 

1 2-22 

13-23 


1 

1-33 

1-23. 

1-28 

1-29 

1-32 

1-24 

1-48 

1-23 

roi 


1-27 
1-27 
1-27 
1-27 
1-27 
1-27 
1-27 
1-27 
1-27 


1-85 

3-12 

4-39 

5-66 

6-93 

8-20 

9-47 

10-74 

1201 

13-28 


2-18 
3-45 
4-72 
5-99 
7-26 
8-53 
9-80 

11-07 
12-34 
13-61 



charges, or column of irregular means. Then take the 
differences between each of these, and place them in the 3d 
column, or irregular differences ; which would have been all 
equal if the mediums had been regular. Find then a me- 
dium among these unequal differences, by dividing their 
sum by the number of them, and it will be found to be 1-27, 
which set in the 4th column of regular or equal differences. 
Then, as the numbers in the 3d colutnn, the nearest to this 
mean 1*27, are the differences between 6, 8, and 10 ounces, 
by supposing 5*66 to be the true length of the 8 oz charge, 
all the others are formed from it, by adding and subtracting 
continually the mean or common difference r27, and are 
placed in the 5th column ; which will therefore consist of 
tjie true regular length of each charge, including both the 
powder and the neck of the flanhel bag which contained it, 
as indicated by the marked divisions on the rammer by 
which the charge was pushed home in the gun bote. 



But an addidon of 0*33 must be made to «ach of the 
numbers in this 5th column, for the length of cylinder of 
equal capacity with the concave hollow at the bottom of the 
bore of each gun. Now this concavity was the half of an 
oblate spheroid, formed by an ellipse whose transverse axis 
was 2 inches, the diameter of the bore^ and its conjugate I 
inch ; the depth of the cavity was therefore *5, the semi* 
conjugate ; and the depth of an equal cylinder nearly 'SS. 
This number then being added to those in the 5th column, 
will give the n~ in the 6th or last column, being the length 
(Of cylind^ occupied by the powder and the bag together. 

How mupb of each space was really occupied by the bags, 
may be thus found; the first number 1*85 is the length of 
the charge of 2 ounces, including the neck ; and the com- 
mon difference 1*27 is thie real length of 2 ounces of powder 
in the bore; therefore, subtracting this number from the 
former, the remainder 0*58 is the mean length of the bore 
which was occupied by the neck and bottom of the bag^ in 
every charge. And therefore, taking this number from each 
of those in the last column, the ri^mainders will show the real 
length of bore occupied by the ppwder alone in each of th4^ 
charges.. ' 



OP THE EECPIL WITHOUT BA^{«S« 

105. Njext let us consider th^ quantity of recoil, or ex- 
tent of the vibration of edch gun, for every charge of 
powder ; an<i first without balls. Now as thes^ recoils were 
measured som.etimes to one radius, and sometimes to an- 
other, it will be proper to reduce them ail to a common 
radius, as well as to a common weight of gun when it hap- 
pens to vary in weight. In the first year's experiments, ^he 
iradius was various, and the chords of recoil were always 
taken in inches ; but in those of the s^ecolid and third years^ 
< yoL. 11^ B 
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the radius was constantly 10 feet, or 120 inches, which was 
divided into 1000 equal parts, and the chords of vibration 
measured in thousandth parts of the radius, each part being 
^ff^ of an inch. It will therefore be . convenient to reduce 
the recoils of the first year, to the same radius and parts 
as those of the other two years : which may be done as 
follows : 
Let r SB any radius of the first year in inches^ 
and c = a corresponding chord of recoil, in inches and 
parts. 

Then r : l£0 : : c': — r the chord corresponding to 

the radius 120, and mea- 
sured in inches; 

and 120 : 1000 : : — - : the sam^ chord as express- 
ed in thousandth parts of 120 inches. 

Hence then, to reduce any chord of recoil, in the first 
year, multiply it by 1000, and divide the product by its 
own radius in inches ; so shall the quotient bet he corre- 
sponding chord answering to the radius 120 inches, and 
ISJ^pressed in thousandth pajts of that radius, 

106. By the foregoing rule then having reduced all the 
chords of recoil to the radius 10. feet, and denoted them in 
thousiindth parts of that radius ; the mediums of every day's 
^xperim^nts^ collected and arranged, are as follow. 
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Tables of Recoil withmt Balls. 



Charge of Powder > oz 


12 
22 


4 
53 


6 

85 


8 


19 


16 

221 


• 


113 


176 




21 


53 




119 


165 


215 




21 


55 




116 




220 


Gun n' l 


23 


54 




110 








23 


55 




108 




k 




22 






128 


" 


■ 


1 


22 


54 


85 


127 






mediums 1 22 


117 


171 219| 




23 52 1 j 


123 1 


236 


• 


23 


56 




118 




240 


Gun tk" 2 


24 
23 






124 

124 






mediums 


24 

23 


54 




122 


238 




22 


L 57 


93 


123 




247 




23 


•59 


• 


125 




250 




23 


58 




125 




259 




23 


56 




^ 




2S2 


Gun n' 3 


23 












m 


23 












% 


24 


1 




« 






mediums 


25 
23 


51i 


93 


125 








252 




25 


58 




127 




280 




24 


58 


\ 


131 




255 


GuNn*4 


26 


66 








261 


• 

mediums 


24 


59 




» 


* 




2$ 


^S 1 1 129 




265 



Some of tbese mediums have not the greatest degree of 
exactness that they are capable of, for want of a sufficient 
number of repetitions, or numbers to take the mediums of. 
However) by a very small and obvious correction, the 
more accurate mediums, for the most usual charges of 
2) 4, 8, and 16 ounces of powder, may be fairly suted as 
follows; 

X 2 
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Vibrat. 




A^B of gUQ 

below 
[axis of recoil 



incbe.1 

80-47 

80-47 

89*50 

.1 80*44 



40-1 
40*0 
39-9 
39-8 



89-06 
89-J06 
89-19 
89-28 



Lesgtb 
of 
bore 



incbes 
28-5 
38-4 
57-7 
80-2 



Powder 



Soz I 4o2 I Soz f 16 oz 



9Jeeo*\s witbout Balls 



22 


53 1 


117 


23 


55 


121 


@4 


57 


125 


25 


59 


129 



220 

237 
252 
265 



Tbe recoils being estimated in parts of which the radius 
is IQOO : and the coaunon weight of the gun, with its frame 
^nd leadeq weights, being 917 lb; also the distance of tha 
centre of gravity bebw the axis, and the number of vibra^ 
tions per minute, ^s set down in the ?d and 3d columns. 

i of the tablet above. 

107. From tbe view ^nd consideration of these numbers, 
various observations easily arise. As first, that, by observ-? 
iDg the four columns, or vertical rows, it appears that the 
recoil of th^ gun, and consequently the force of the powder 
vpon it, always increases as the length of the giin increases, 
and that in a i^anner tolerably regular as far as the charge 

. of $ ounces ; but after that, the increase is faster : thus, 
between the shorted bore of 28 inqhes long, and the longest 
pf ?0 inches, th<g increase in the velocity of recoil, with 
^ ounces of powder, is from 2^ to 25, or about the 4 part ji 
with 4 ounces of powder ,'it is from 53r to 59, or the ^ part 5 
and with 8 ounces pf powder^ it is from 117 to 11^9, or the 
^ part ; but with 16 ounces of powder, the increase is 

^om..22Q tP. 265if^ or the ^ part. And this increase of recoil 
is chiefly, if not intirely, to be ascribed to the longer time 
the fluid of the inflamed powder acts upon the gun, in pass- 
ing through the greater length of bore ; at least as far as to 
the charge of 8 ounces : but the extraordinary increase 
in the case of }6 ounces, seems to be partly owing to that, 
and partly to some of the powder, in this high charge, be- 
ing blown out unfired from the short gun. And from this 
f ircumstauce we may infer, that the whole of the charge of 



1 



s 

8 ounces, without ball, is fired before it issues from tbe 
mouth of the short gun, that is before the fluid expands 
through a space of 22^ inches of bore; And hence, if the 
velocity of the fluid were known, we could assign the time 
within which all the powder is fered* If, fot instance, the 
mean velocity of the fluid were only 5000 feet in a second^ 
though perhaps it may be more, the time would be only 
about the 250th part of a second in which the 8 ounces would 
be all inflamed. 

The foregoing are the rates of increase in the chord of 
. recoif, or in the velocity of the gun, which is proportional 
to it. It must be remarked, however, that the increase in 
the force of the powder will be about double to that sof 
the recoil, because the force is as the square of the velocity i 
so that, from the shortest gun to the longest, the increase 
in the force of the powder, with 2, 4, or 8 ounces,- is about 
^, or from 4 to 5 ; and with 16 ounces of powder^ the force 
. is almost as i to 5, or the increase almost one half of the 
less force. 

108. Again, if we contemplate the numbers on each 
horizontal line, that is, the recoils of each gun separately, 
with the aereral charges of 2, 4, 8, and 16 ornices of pow- 
der, we shall find that, in each of them^ the recoil increases 
from the beginning, to a certain part, in a greater ratio 
than the constant ratio, 2 to 1, of the powder increases ; 
and afterwards in a less ratio than that of the poirdef. That 
the ratio of tbe tecoils, in every gun, is greatest at first, or 
^ith the least charges of powder : that the ratio continually 
decreases as the charge increases : that the ratio, at first, is 
greatest with the shortest gun, and so gradually less and 
less all the way to the longest : but that, however, the ratio 
in the shorter guns decreases faster than in the longer ; and 
so as to come sooner to the ratio of 2 to 1 in the shorter 
guns, than in the Jonger ; and after that, the ratios in the 
ghort guns, with the same charge, are less than in the long 
ones. AU these properties will perhaps appear »lfN plainer 
by arranging together the sereiial ratios for each n"" of gun, 
as here below : 
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Povder 


Ratios for tb« Gun | 


n°.J 


11° 2 


n«3 


1 


2 

4 

8 

16 


2-41 
2-21 
1-88 


2-39 
2-20 
1-96 


2-37i 

2*19 

2-02 


2-36 
2-18 
2-06 


means 


2-17 


2-18 


2-19 


2-20 



where each column of ratios is found by dividing the recoils 
successivelj by each other, from the beginning, namely, 
the recoil of 4 oz hy that of 2, the recoil of 8 oz by that of 
iff and Che recoil of 16 oz by that of 8. Also the first and 
second lines rather decrease, but the 3d rather increases, 
and the last, or that of means, also rather increases. 

And if we divide the first ratios, in the last table but one, 
successively by each other, the 2d by the 1st, and the Sd 
by the 2d ; and then again these last ratios or quotients by 
each other ; and so on ; we shall obtain the several orders 
of rados for each gun, as follows, observing uniform laws : 



tri 


N*»2 


H?8 


22 


23 


24 


2*41 


2-39 


2-37i 


53 •917 


55 -920 


57 -922 


2-21 -93 


2-20 -97 


2-19 1*00 


1 17 •850 


121 *A91 


125 -922 


1*88 


1-96 


2-02 


220 


227 

N*»4 
25 


252 


\. 


2-36 
59 -924 
2-18 1*02 




\ 


129 '945 






2-06 


« 




265 


k 



where the iSrst column, of each n* or gun, contains the 
recoils with 2, 4, 8, 16 ounces of powder ; the 2d the first 
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ratios^ or the ratios of the recoils ; the Sd contains tbe 2d 
ratios, or the ratios of the first ratios ; and the last column 
contains the 3d ratios, or the ratios of the 2d ratios. 

Or, perhaps, for some purposes it Tvill serve better to 
set the same table in the following form, where the vertical 
columns are changed into horizontal lines : 



22 53 117 220 

:2'4,1 2-21 189 

•917 -850 

•93 



23 55 121 237 

2*39 2'20 1-96 

•920 -89 1 

•97 

No 4 

25 59 129 265 

£•36 2*18 2-06 

•924 '945 

102 



K»8 

24- 57 125 252 

2'37i 2-19 2*02 

*922 *922 

I '00 
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OF THB RECOIL WITH BA1L8« 



109* By collecting now the mean recoil of each gun for 
every day, after reducing them all to the same weight of 
guti, 917 lb, and weight of ball, 16 oz 13 dr, and to the 
same radius 1000, in the manner specified in Art. 105, tbey 
will stand as in this following tabje. 
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Powder, oa 


90 


4 
US 


6 

197 


8 
241 


10 

260 


12 
290 


14 
294 


16 
329 






91 


U5 


196 


226 


253 


273 


295 


331 


( 


. 




199 


234 


,260 


281 


313 


331 










232 


• 


287 






Gun n^ 1 


- 






234 
240 
244 


. 


■ 


h 


■ 


mediams 








239 


^258 


283 


301 


.350 


r 90 


146 


197 


236 




9a 


152 


207 


249 


274 


296 


305 


360 




95 


157 




244 


216 


304 


343 


364 


Gun n** 2 








244 








348 


mediums 


94 


• 

I54J 


207 


246 
246 


275 


300 






324 


358 




99 


166 


216 


2d9\ 






399 


Gun n' S 


100 


163 


218 


257 








380 


roediiims 




164 


217 


260 

[259 








^390 


99 


164 








101 


163 




266 


- 






591' 


Gun n** 4 




163 










/ 


4.17 


' mediums 


101 




266 


407 



I 

1 



Some of tiaefle mediums are not very accurate^ for want 
ef a good number of repetitions^ and especially tbont of the 
last gua n^ 4, wbicb has only one dkuplieate. lu this gun, tbe 
recoils appear to be all c^itsbec \oWy in respect o£ the others, 
but more especially that with the charge of 4 oz of powder, 
which is evidently much more defective than the rest, and 
requires an increase of about 6 to mia^ it uniform with the 
others, and which increase it would probably have received 
from future experiments, had there been any repetitions of 
it; Augmenting therefore only that number by 6, all the 
orders of means will be tolerably regular, and stand as 
below, for the most usual charges of powder,, namely, 2> 
4, Sy and 16 ounces.. 
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SI 



Quii 


« 


Powder 


% 


2 1 


4 1 8 1 16 


. 


Recoils with Balls | 


1 


90 


146 


236 


330 


2 


94 


154 


246 


•358 


3 


99 


164 


259 


390 


4 


101 


169 


266 


407 



The common weight of ball being 16 oz 13 dr^ and the 
weight of the gun 9n lb ; the other circumstances being as 
in Art. 106. 

1 10. From the sereral vertical columns of this tablet oF 
means, we discover, that the recoils increase always as the 
length of the gun increases ; but that in the 4th or longest 
gun, the increase is less, in proportion, than in the others. 
And from the horizontal lines we perceive, that the recoil 
always increases as the charge of powder increases, and that 
in a manner tolerably regular; and also in continued geo- 
metrical proportion when the charges of powder are so ; 
but the common ratio in the former progression being only 
about f of that in the latter. For, if the mediums, for each 
gun, be divided by each other, namely, the 2d by the 1st, 
the 3d by the 2d, and the 4th by the 3d, the quotients or 
ratios will come out as in the following tablet : 



Powder 



2 

4 

8 

16 



means 



Ratios for the Gua 



ii«l 



1-62 
1-61 
1-40 



n?2 I D<=>a 



1-64 
1-60 
1-45 



|ooa , 



»«4 



1-54 I 1-56 



1'66 
1-58 
1-50 



1-58 



1-67 
1-57 
1-53 



1-59 



where the numbers in the vertical columns, or the ratios for 
each gun separately, continually decrease ; and the num- 
bers in the horizontal Hnes, or for the diifferent guns with 
the same weights of powder^ rather increase in the first and 
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third line^ but decrease ia the second, and again rather 
increase in the last, which are the mediums of the three 
ratios in eacli column, and which mean ratios are rather more 
than I- of 2, the common ratio of the weights of powder, 
which are 2, 4, 8, 16 ounces. 

And if we divide the numbers or ratios, in each column, 
continually by each other ; and their quotients by each 
other again ; the whole continued series or columns of 
ratios, for each gun, will be as here below : 

N2 

94 

1-64 
154 -^76 

1-60 -93 
246 -906 

1*45 
358 

101 

1-67 
169 '940 

1-57 ro4 

266 -974 

1-53 
407 

where the first column, in each n"* or gun, contains thef 
recoils with 2, 4, 8, 16 ounces of powder; the 2d columo 
contains the ratios of those recoils ; the 3d contains the 2d 
ratios, and the last the Sd ratios. 

Or the same table may, for some purposes, be more con- 
veniently placed as. below, where the vertical columns are 
ranged in horizontal lines ; 



N« 1 
90 

1-62 
146 -994 

1-61 -88 
236 -870 

1-40 
330 



N<»3 
99 
1-66 
164 ' '952 

1-58 1-00 
259 -950 

1*50 
390 



90 146 236 330 

1-62 1-61 1*40 

•994 •870 



N»2 

94 154 246 358 

1*64 1*60 1*45 

•976 -906 

•93 

101 169 266 407 
1-67 1*57 1-5S ' 
•940 *974 

1*04 



N»3 

99 164 259 390^ 

1-66 1-68 1*50 

•952 -950 

I'Oa 
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OF^ THE MEAN VELOClTr OP THE BALL PROM THE RECOIL 

OP THE OUN. 



111. Having determined the mean recoil of the guns, 
both v^ith and without balls, for the charges of 2, 4, 8, 16 ' 
ounces ; we can now assign the mean velocity of the ball, 
for each gun and charge, from the recoils ; if, as Mr. Robins 
has asserted, the force of the powder upon the gun be the 
same, whether it is fired with a ball or without one. For, if 
that property be generally true, then the velocity /of th« 
ball must be proportional to the difference of the chords of 
recoil with and without a ball ; and that difference being muU 
tiplied by a certain constant number, will give the velocity 
of the ball itself; as we have before shown. 

Now if c .denote the difference of those chords, b the 
weight of the ball, o the weight of the gun, g the distance 
to its centre of gravity, t the distance to the axis of the bore, 
and n the number of oscillations the giin would make in 

a minute; then we have foun^, ii> Art. 68, that r^ x ^* 

will express the velocity of the ball. And that when o = 9 17, 
g = 80-4j7, i = 89-15, and n = 40, which are the medium 
values, of those letters, then the same theorem becomes 

-jT X y for the velocity of theball. And further, when the mean 
value of b is 1*051 or 16 oz 13 dr, the same theorem for the 
velocity becomes barely 12^, Subtracting however the 
700th part in the gun n^ 1, and adding in the other three 
guns, as follows, namely, 

the lOOOth part in n* 2, 
400th part in n"* 3, 
300th part in n° 4. 

Therefore, if each of the recoils without balls, in the last, 
jtable of Art. 106, be takea from the corresponding recoils in 
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Art. 109, atrid the remainders be multif)lied by.l2f, making 
the additions and subtractions above-mentioned, we shall 
have the corresponding velocities of the ball by this method- 
And a synopsis of th^ whole, foi* each gun and charge, will 



be as in the followin^c table : 



Charges, 3 


oz 


» i ' 1 

4 oz 


Gun 


Recoil 


Diff. 


Velocity 
' of the 


Recoil 


Diff. 


Velocity 
of the 


wHh 


1 \«rithout 


with 


without 


n 
1 


hall 


bail 




ball 


ball 


ball 




ball 


90 


22 


6S 


825 


146 


53u 


93 


1127 


2 


94 


23 


71 


1 863 


154 


55 


1 99 


1203 


3 


99^ 


24 


15 


913 


164 


57 


107 


1302 


4 


101 


25 


76 


926 


169 


59 


110 


I ia40 


a 


iarges, 8 


oz 


16 oz [ 


1 


236 


117 


119 


1443 


330 


220 


110 


^ 1334 


2 


246 


121 


125 


1520 


358 


t 237 


121 


^ 1471 


3 


259 


125 


134 


1631 


390 


252 


138 


1680 


4 

*-^ 


266 


129 


137 


1669 


407 


265 


142 1 173a 1 



And Hire shall hereafter see how far these agree with tb« 
velocities computed from the vibration of the penduli3>m« 



OF THE VELOCITY OF THE BALL, AS CaMPTJTED MOMTHB 

PENDULUM AND GUN. 



112. The fomr following tables contain the* mediuim 
of the velocities of the balls,, as computed for each day, fot 
all the principal charges of powder, and fof each gun siepa- 
rately ; one table being allotted for each. In these taUes,^ 
all the mediums are arranged in a continued series, in the 
chronological order as they occurred, and accompanied 
with all the circumstances necessary to be known ; thus 
forming a fund or collection of elements, from which other 
arrangements and principles are to be deduced* 

Each table consists of ten coiamns« The first cc^oiAl^ 
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contains the dates ; the next three the state of the weather 
^nd air; xiameJy, th^ 2d column the hygrometer, or state of 
the air as to dryness and moisture ; the 3d the barometer; 
and the 4th the thermometer ; both of which last instru<« 
wants, it must be observed, were always placed in the 
shade, and within the house, while the experiments were 
made in the open air, where it was commonly much hotter 
than the degree shown by the thermometer. The 5th co- 
lumn contains the weight of the charge of powder ; the 6th 
and 7th the weight and tliameter of the ball ; the 8th an4 
0th the velocity of the ball, the former is computed from 
the vibration of the pendulum, and the latter from the 
recoil of the gun ; and finally, the 10th column contains the 
difference between these two velocities, which is marked 
with the negative sign, ( — } when the velocity by the gun 
}9 the less oftht two. 
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Daily Mediums 


of Experiments with the Gun 


vP \. 




Date 


Hygro 


Barom- 
inches 


Ther. 
deg. 


Pow- 


Bt«U*a 


Veloc. by the | 


Diff 

feet 


der 

02 


Wt* ( 


iiam 


pend 


gun 
feet 


\1S3 


oz dr i 


Dchee 


feet 


June 30 


dry 


30-34 


74 


16 J 


16 13 1 


1-95 


1456 


1315 


-141 


July 17 


dry 


30-23 


72 


8 


• • 1 


1-96 


1471 


1501 


30 


■'{ 


dry 


30*12 


70 


2 

4 






797 
1109 . 


832 
1145 


35 
'36 


. "i 


dry 


30- 13 


69' 


12 
16 






1412 
1367 


1374 
1334 


-38 
-33 


Aug 12 


wet 


30*00 


64 


16 


• 12i 




1419 


1399 


-20 


f 








2 






785 


838 


53 


SeptlO 3 


dry 


29'7 


60 


4 


* • 


• 


1087 


1122 


35 


L 








8 






1353 


1396 


43 


#■ 


» 






..8 
10 
12 
14 


• 13 

• • < 


^ 


1383 
1417 
1375 
1333 




« 


18^ 


dry 


30-08 


64 


\e 

20 
24 


1 


•* 


1243 d 

1144 

1194 


• 




r 




^ 




32 






880 






\» 








36 
6 
8 


• 14 




838 
1331 
1386 






30 j 


dry 


30-25 


64 


10 






1402 












12 






1453 


- 




c 








14 






1402 






1784 








- 












Aug 4 


wet 






6 
6 






1295 
1368 


1339 


44 


c 








8 


• 15 ] 


L-97 


1475 






"1 


hazy 


30-25 


.65 


10 
12 
14 


• 15 

• 14| 

• 14| 




1493 
1520 
1528 






c 








2 


• 12 1 


1-96 


755 






SeptlO^ 


fair 






4 






1131 


1170 


39 








6 






1370 


1358 


.12 


( 








8 






1475 






( 








4 


• 12 ] 


i-97 


1124 






21] 


fair 






6 


• 12 1 


1-97 


1372 






i 








8 


• 11 ] 


1-96 


1445 






( 








2 


• 13 1 


[-96 


759 






Oct. 4 5 


dry 


f 


\ 


4 
6 
8 


• 12 ] 

• 12 ] 

• 12 1 


1-96 
1-96 
1-96 


1086 
1325 
1472 






5 


dry 






8 


• 13 1 


[-96 


1411 






6 


dry 




8 


• 9 1 


•95 


1436 






11 


hazy 




8 


• 7 1 


1-95 


1444 


, 
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Daily MediumBof Experiments with the Gun n* 2. 



Date 


Hygrom. 


Rflrom 


Thor 


Pow- 


Ball's 1 


Velocity by the | 


Diff 


AirCfrl>w 


OMiUUI* 


J. ucr< 


der 


wt < 


iiam 


pend 


gun 
feet 


1783 . 




inches 


02 


>z dr i 


nches 


fCft 


leet 


f 








2 i 


L6 l3il 


r96 


793 


840 


47 


July 23 ^ 


dry 


29-88 


70 


4 
8 


• I3i 

• 13 


1 


1135d 
1566 


1207 
1592 


72 
26 


c 








16 


• 13 




1660 


1499 


-161 


Aug 12 

c 


.wet 


3000 


64 


16 

2 


• 12i 




1676 
856 


1497 
846 


-179 
.10 


Sept 11 J 


dry 


29-93 


60 


4 






1239 


1220 


-19 


( 


t 






8 






15TI 


1452 


-119 


t 


- 






8 
10 


• 12 




1569 
1608 






25 < 


dry 


29-93 


59 


12 
14 
16. 






1615 
1517D 
1664 D 






#• 








6 


• m 




1448 














8 
10 






1561 
1618 






29 "< 


dry 


1 

30*28 


64 


12 
14 
16 






1669 
1662 
1637 






1 








18 


• 11 




1598 






I 








20 


• • 




1639 D 




\ 


1785 








■ ' 












Sept 2 
1 9 


cloudy 






8 


• 13 ] 


1-96 


1503 






drv 




1 41 


• 12 


1-96 


1204 


1 



64 



DEDUCTIONS FROM THE 



TRACT S4* 



Daily Mediums of Experiments with the Gun n° 3. 



• r 



1 Date 


Hygfom. 


Barotn 


Then 
deg 


Pow- 
der 

oz 




Ball's 


Velocity by the 


Diff 
feet 




vvt 


inchf's 


pend 
feet 


.^un 
feet 


1783 


mches 


oa 


dr 


July 12 


dry 






i6 


16 


13 


1-96 


2030 


1706 


-324 


..[ 


dry 


30*28 


• 
68 


4 
8 




• 


1 96 


1353 
1766 


1321 
1620 


-32 

-146 


19 


dry 


30-12 


70 


2 




• 




898 


921 


23 


Aug 13 S 


cloudy 


30-17 


64> 


8 
16 




12i 

• 




1803 
1966 


1594 
1542 


-209 
-424 


Sept 8 \ 


moist 


30-03 


61 


- 2 

4 




13 

• 




926 
1334 


923 
1266 


2 

^6^ 


1784 








■ 


1 












Aug 5 


dry 


29'98 


68 


6 




14 


1-97 


1616 














4 


15 


2 


1-87 


1225 












4 


16 


2 


1-92 


1244 






Septll-< 


dry 


• 




4 
8 


16 
15 


14 

2 


1-97 
1-87 


1346 
1662 














•8 


16 


3 


1'92 


1728 






M 






V 


8 


16 


14 


1-97 


1815 


• 




16 




« 




4 16 


9 1-96| 


1388 D 







Daily Mediums of Experiments with the Gjin n® 4. 



Date 


Hygrom. 


Barom. 


Ther. 
deg 


i»ow- 
der 

oz 


Ball'8 


Velocity uy the 


Diff 
feet 


A^atc 


• wt 


diam 
inches 


pend 


gun 
feet 


1783 




inches 


oz dr 


feet 


July 29 { 


dry 


29-90 


72 


S 
16 


16 13 

• • 


1-96 


1936 
2161 


164S 
1656 


-293 
-505 


30{ 


dry 


30-06 


69 


'2 
4 


• • 

• 12 




968 
1375 


929 
1295 


-39 
-80 


1784 














• 






Oct 12 


dry 






16 


. 11 




2060 







TRAcrr a4. oaiiMRiV $iu^liftiii»Bs?T9«. . ^i 



1 13. Tlie foregpoiog^ tablet contatu xb% serremL ii<e( 
of yek)ckies> for each da^y, imd for 4II TaciQliesin theqic'^ 
cuBi5taiic6& of powder^ and wright aod diameter of ball. It 
will now then be proper to collect together all the repeti- 
tions of the same charge or wdght ef powdiBV^ audi to tub9 
the medittOM of all those- mediuins, la iteJhre a s fiMd r^di* 
eal numbers^ or estabUsbc^d degrees df yekt«itty> adafloi to 
all the various charg«ii of po wdef ^ aiyi leo^ib wf giUk Noar^ 
for this, purpose^ it may bo proper to reduce tb^ niwbem 
of these tables all to One co^ioion weight and diameter of 
ball, namely^ to the weight iQ oz I3idr» and the diapoeteil 
I*.d6incbesj which are the numbevs that tpQSt cominonly 
i^ccur. Aod this reductioa wiU be Ycry well deduced, frqqi 
the experiments of Septenibeir 11, 1784,, when sevorai 
trials were made with divers weights and diameters of baU^ 
aiid with both 4 oz aiid 8 oz of powder^ the results of which 
accord very well together. In the experim^ts of that day^ 
it was fdund that^ with the 4 Oz charges^ ^ of the whole 
Velocity is lost by the difference of tV, of an inch in the 
diameter of the b^l ; and^ with the So^chai'ge, /j-ofthe* 
Velocity is lost by the same diSel^enide of windage^ But the 
quantity of inflamed fluid which escapes, will « be nearly as 
the difference bejbui^een the area of the circle of the bore and 
the great circle df the hall) or the force i^ill be as the square 
of the ball's diameter ; and the velot^ity,; ^e know> is as the 
squai'e root of the force i therefore the velocity is as tlie 
Siametef of the ball ; and the difference t» tbe vdloaiiby^ as 
the difference in the diameter^, or a» the wiadagSi ^1109^ 
If tt) denote any difference of windage in fuirta of aa iiielii 
'or difference between I'M and t be diameter e£ aojr hiit^ 
and — the part of the experimente<> velocity lost by ^V <>f 

«fi inch difference of windage; then shs^Ui^ : ^ i*— ^— ^1 
tvhichkst term will ^hosff^ whc^ {MrtioC th^e^pet^iB^eutgd ve»> 
locity is lost by the it^cveii^e of wi^dag^ denoted hy XOU 
By this rule then j i reduce all the velocities to what they 
would have been> had ti)e diameter of the ball been coa« 

VOL« IIL I? 
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ttantly 1*96. It is to be tioted, however, that the value of 
f» will vary with the charge of powder : with 4 ounces, of 
powder,^ it was found that -^ was ^ of the whole velocity^ 

pr ^ of the experimented velocity ; but with 8oz of powder, -^ 

was found to be -^ of the whole, or ^ of the experimented 
Telocity, We shall not be far from the truth, therefore, if 

we take the following values of — , to the several corre* 

spondiog charges of powder; that is, as far as 16 oz in the 
guns n^ 3 and 4, and then returning backwards again, a^ 
the powder is increased above 16 oz, by ^ oz at a time; 
but in the gun n® 2, to continue only to 14 oz, and then 
return backwards again for all above 14 oz ; and for the gun 
n^ i, to continue only to 12 oz, and then return backwards 
for all above that charge. 



Powder 




Value of — 


2 A 


or 


* 
TT 


= -182 


♦ A 


r= 


I 


= •166 


€ t\ 


= 


A 


s= 'leo 


8 ^ 


=s 


TT 


= -154 


10 ,v 


ss 


4 


= -US 


12 ^ 


' — 


I 
T 


= «143 


H ^ 


= 


A 


= -138 


16 4 


3= 


•ynr 


= -133 



Such then is the reduction of the velocity on account of thc^ 
^rindage. And as to that for the different weights of the ball, 
we know that the velocity varies in the reciprocal subdupli- 
calie ratio of the weight ; and according to this rule the num- 
bers were corrected on account of the different wieights 
of ball. After these reductions then are made, the numbers 
in the foregoing tables, arranged under their respective 
charges of powder, will be as follow, for a ball of r9<i 
diameter, and wdghing 16oz 13 dn 



TRACT S4« 



QV^^EAt tlPEfttMBKTd. 



61 



Mean Velocities of Balls, for all the Guns, with several 
Charges of Powder, reduced to a Ball qf V96 Diameter, 
andweig^ng \€oz IS dr. 



Powder, oz 


2 
797 


4 


6 


8 
1471 


10 

1417 


12 


u 


^? 1 




1109 


1334 


1412 


1333 1478 


• 


784 


1086 


1298 


1352 


1405 


1375 


1405 1367 




754 


1129 


1371 


1383 


1476 


1453 


1511 


1418 ' 


t 


759 


1103 


1368 


1389 




1503 


t 


1243D 


# 




1084 


1347 


1458 










Gun n^ 1 






1322 


1472 
1439 






f 












1469 1 
















1411 


















1447 








» 


mediums 






1340 


1449 
1431 


1433 


1436^ 


1416 




774 


1102 


1430 




794D 


1136D 


1444 


1566 


1605 


I6ii 


1657 


1660 




855 


1238 




1569 


1613 


1664 




1674 


GuNrf*2 




1204 




1566 


\ 






16^1 


" 


' 






1557 








1632 




t 




1444 


1503 
1554 


1609 








mediums 1825 


1191 


16381657 


1656 


• 


898 


U53 


159:5 


1766 








2030 


- 


926 


1334 




1801 








1966 


Gun n* 3 


» 


1327 




1793 










mediums 


1 
912 


1378D 


1593 


17S7 


■ 








1348D 


1998 




968 


1373 




1936 






I2I61 1 


Gun n° 4 

iqediums 


1 
968 


1 




ri936 








2052 


1373 




2200 



114. These last medium velocities, for each gun, will 
be tolerably near the truth; and the more so, commonly, as 
the number of the otner mediums is the greater. For want, 
however, of a sufficient number of each sort, there are some 
small irregularities among the final mediums, which may be 
corrected, for the most part, by adding or subtracting 3 or 
4 feet, as they are sometimes too little, and sometimes too 
great. And these smalLdeviations will be very easily disco- 

p2 






Tered by dinding the mediums by each other, namely, each 
of the velocities for 4f, 6, 8, &c, ounces of powder, by 
tihat for ^ ounces.^ For we know, from the prinoiples of 
forces, and other experiments, that the velocities will be 
iie^ly as the square roots of the quantities of powder ; that 
ii;, while t^ length of the charge xioes not much shorten 
t^e lepgth of the bore before the ball f but gradually de-^ 
viating frofo ihat proportion more and more, as the charge 
of ptowder is inpreased In length ; because the force ha» 
gradually a ;less distance and time to act upon the ball in* 
Kow by divtdkig the quantities of powder 4> 6, 8, &c, by 
f , the quoti^nts $, 3, 4, Sic, show the ratios of the ebargea ^ 
^od thQ rootp of tfiese n lumbers, namely, 

1-414 
1-732 
' 2*000 
&c, 

i|how the ratios which tb<^ velocities would have to each other 
nearly, if the empty part of the bore was constantly of the 
^me lepgtb. Bat as tb? vacant part always decreases a» 
thp charge increases, the rati9» of the velocities may be 
f sqiectpd to £all short of those above, and the sooner and 
^e more so^ as the gun is shorter. iVccordingly, on trial, 
yre find the ratios bold pretty well, even in the shortest 
gun, as far as to the & oz charge -, but in the 9^ oz charge it 
fsL\\$ about ^ or -^V p^^^ below the tfue ratio,^ being 1*8^ 
iBst^d <^ ^f la the IpngeK guns, the proportions hold out 
gradually longer, and the deviations are always less and 
}ess ; thus, in the 9d ^un, the ratio for the 8 oz eharge is 
9boi;t 1*895, in the 3d it is 1*945, and in the 4th gun 
it is V999 or 2 very nearly. And so for other cbs^rges^ 
(^prrecting then some of the medium^ by-ipeans pf this pro^ 
pf r(y , tlie iKiore ^purate radical medium velocities, fpr 
^^h gttu, with the several charges of .2> ^f, §, apd $ puiice$ 
9f ppwder^ will 1^ aah^re follow : 



tlMSfS^ 



OOITNSH' BUSMMBWi^ 



«f 



I Powder 



■ - . — .^^ 



2 

4 
6 
8 



rGunrfT 



Ratio. Vekc. Dif. 1. tl. 

1410 1100^ 80 
1-731 1340 150 

1850 1430 ^ 



«di*«kab*MfMMMib 



■B«T 



*fttm^mm»*»^ 



Pow.'ler 



2 
4 
6 

8 



Gui. n** 3 



920, 






1-413 1300 
1-729 15^90 

1-945 ndo 



380 
290 
200 



90 

90 



Ratio. yeloc.l>if.l. It. 

835 3^^ 
1-414 USOjgj «0 
i'780 1445 .13Q 

1 893 1580 ^'^ 

■l > ii m 



N''4 



2*00^ 1940 



90 
5» 



f • w w t 



* ■> ii* 



«rbere the relocily is set in large chauraGtecsiiir the middle 
iCokram ^ and on the left hand, in a small charader^. is the 
ratioy which is found by dividing each velocity by the first, 
the iaw of which ratios has been mentioned abore^ ako on 
the right hand are the columns of first aiid second difiei- 
lences ; the first being the difference betwe^a each two sua- 
<ceeding numbers, and the second the di^reoces oS tha^ 
jilifierences. 

Or, for sesne puf poses, it may be more ^cmvenieai tQ 
fBDge the relocities, ScCi as here below : 



Gun n** 

2 
3 

i 4 


2oz 


4 02 


''SO 55 

ms . ■ 

920 ^* 
970 '' 


1-410 1100 80 
1-414 1180 30 
1-413 ISOO 
1-412 1370 


(^un tt° 6 o« 1 


8 oz 


I 

: 2 

3 

4 


,1-7^1 1340 J05 
1-7S0 1445' .. 
1-729 1590 ^^ 

^1-732 1680 * 


1-850 1430 130 
1-89$ 1580 .. 
1-945 ITJJO * 
9-OOtf 1940 "" ' 



vhere .the numbers are here placed in horizontal lines, 
which before were vertical ; and vertical here, those wfaieh 
before were horizontal: and where the l^my both of the 
ratios and ditferences, is evident. We alim faeaee perceive 
liow, for each charge^ the velocity of ^^ bAll i» oontims* 
<aUy ioeieased as the gnutis longer^ 
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And these velocities may be Considered as standard radical 
numbers, here deposited, and ready to be applied to any 
purpose, in \ifbich the consideration of the velocity can be 
useful. And thoate for the other charges of powder will be 
as in thd geoera;! table in Art. 1 J3. 

115. These velocities, however, it must be remarked, 
ire those with which tfe(e ball strikes the pendulum, after 
passing through the air between it and the muzzle of the 
gun V and consequently they are less than the velocities 
with whichitjmmediately issues from the guii, by as much 
Telocity as the ball loses by the resistance of the air, in its 
flight through that space. Now we have found, in Art. SS, 
that the first velocities lose at least their 84th part by that 
resistance, when the air behind the ball is supposed in« 
stantly to fill up the place always quitted by the ball in its 
flight. But as this is not exactly the case, the air rushing 
into a vacunm with a certain finite velocity only, therefore 
the part lost will be gradually more and more as the ball 
moves swifter, ti|l its velocity become equal to that of the 
air itself ; after which the part lost will remain constant. 
And Mr. Robins asserts, that the velocity lost by very swift 
lyiotions, is about 3 times as great as that lost by slow ones ; 
and therefore that will be about the 28th part. So that 
fte loss will always lie between the ,84th part and the 28th 
part. I shall therefore leave it in this uncertain state, till 
other experiments enable us to ascertain what may be the 
esact proportion of loss peculiar to every degreie of velocity. 

Its. From the general table of medium velocities in 
Art, 113, it is evident that, for each gun^ the velocity 
increases with the charge to a certain extent, where it is 
greatest ; and that afterwards it gradually decreases as the 
charge is increased. It further appears that the point, or 
charge, at which the velocity is the greatest, is different 
in the guns of different lengths ; the charge which gives 
the maximum of velocity, being always greater, as the gun 
isionger. And by tracing this increase of charge, from the 
beginnings to the point of greatest velocity^ it appeap that^ 
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vith the 1st, 2d, and 8d guns, the charges which, gite thft 
greatest ydocities, are nearly as follow, vix. 

Gun n* 1 at the charge of 1ft 02, 

• • 2 « '^ - - ^ 14 02, 

• «. 8 « « * . * I602, 

* 

Here it will not be sa proper to specify what portion 
of the weight of the ball these weights of powder are 5 being 
lio ways regulated by that circumstance ; but what portion 
of the bore of the gun is filled with these quantities of pow* 
den Now, by the table of the lengths of charg^ in Art* 
104, it appears that the lengths of the charges of 12, 14, 
and 16 oz, are these, viz. 

12 oz - - 8*20 inches; gun 1, its length 28*5, 

14oz - • 9'47 inches ; goa 2 - - - 38*4, 

.18 oz - - 10*14 inches ; gun 3 - - - 57*7. • 

Then dividing each length of charge by its corresponding 
length of gun, we obtain nearly these three following frac- 
tions, viz. 

^ in gun I of 15 Calibers long, 

^ or T^ar in gun 2 of 20 calibers long, 

^ in gun 3 of 30 calibers long, 

which e^pfess what ^rt of the bore is filled witil powder, 
when the gmitest velocity is given to the ball, with each of 
these lengths of gun. And which therefore is not one and 
the same constant part for all lengths of gun, but varying 
nearly in the reoiprocal subdu plicate ratio of the length of 
the bore ; or still nearer in the reciprocal siibduplicate ratio 
of the empty part of the bore before the charge, /nd, by 
tliis rule, finding the part for the longest gun, or n^ 4, it 
will be found to be nearly ^^^ or 12 inches in length, answer- 
ing to 18 ounces of powder. So that the. whole set of 

numbers, for the greatest velocity, will be as follows : 

4 » 



n 
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r 



Gun li® 



> ^ . ^i 



' 1 

2 

;3 

4 



Length of 
bore 



i28'5 
38^4 
57-7 
80-2 



•Am. 



the CHarge 



Wt. oz 



LeHKtt) 



Inches 



12 


8-2 


14 


9-5 


16 


10^7 


18 


12-0 



Part of 
wtidle 



I >■ 1 ■ »W»F— -1^ mi m •m^rmf^ 



r 
t 

T 

2 

TT 



Ul* JHav'mg 80. ^ settled the degree of velocity of th0 
l^U, as det^ifiniaed ^y tb«^ vibration of tlip pendulum, wo 
piay in Ji)$£ m^nder^iqw proceed to ^ss^gg the mean v^loci-r 
ties, «9 4«djwy.d frow $hc recoil of the gun. The repeti^ 
tions in this latter way are not so numerous as in the foroieri^ 
but, such as they are, we shall here abstract thena from the 
generiil ta^ffe^ in Art. U^ reding tbeqi, hpwever, all to 
ihe sa(»e i^Qgiotpn wpigl^i^nd diaineti'^ of baU^ as was done 
in Art. i\3^ 

Mean Velocities from the Jiefoil of the Gun. 



Powder, oz 


? 


4 


6 


8 


12 
1:574 

1374 


" '16"- 


Gun n"* 1 

- mediums 


832' 
837 

835 


1145 
1120 
M65 


1 344 
1352 


1501 
1393 


1337 
13S4 
1396 


114T 


1348 


1447 


1356 


Gun xi 2 

mediums 


841 

645 

8+3 


1209 
1218 




1592 
1450 


% 


1499 
1494 


1213 




^ 1521 




1496 


Gun n* 3 

mediums 


921 
925 


1321 
1266 




1620 
1591 




1706 ' 
1540 


1294 




1605 




1623 


- GiJN^4 


929 


li?9S 


1 f 1643 1 1656 



The$e mediums however are riot so exact as those in Art. 
t:il, because those were deduced from a greater number of 
particulars. We shall therefore chiefly adopt those 'that 
were stated in that article, for the radical standard veloci^ 
ties Qf the ball, as determined from the recoil of the sun. 
©xeepting in some instances when tl^e other is used, and 
sometimes the mediums qf both, Sp that the final medi^lpa^ 
ypill be asfpUpw: 



TRACTS*. 
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^$ 



Vehtiiies gfthfi Salt from the Rectnl of the Gufh 



Oun n^ 



9»z 



1 

2 
3 

4 



830 
863 
919 
929 



4 0C 



1135 
1203 
1294 
1317 



8 OB 



1445 
1521 
1631 
1669 



16 02 



J 



1345 
1485 
1680 1 
1730 



i^rnn 



116. Let us now compare these relocities, deduced froui 
the recoil of the gon, with those tluit are stated in Art. 113 
and 114, which were d^t^rmined from the pendulam ; that 
we may see how near they will agree together. And, in 
this comparison, it will be sufficient to employ the velociv 
ties for 2, 4, 8, and 16 ounces of powder ; this will be the 
most certain also/ as these mediums are better determined 
than most of the others. 



Comparison of the Velocities by the Gun and Pendtdunu 





2oz 




4oz 




QmnnP 


Veiocity by | 


Ditf. 


Velocity by 


Diff. 


• 


• gun 

830 


pend 


gun 
H35 


p«*nd 


1 


780 


50 


1100 


35 


2 


863 


835 


28 


1203 


U80 


23 


S 


919 


920 


-1 


1294 


1300 


-6 


4 


929 


970 


-41 


1317 


1370 


-53 


Gun n® 


8 ot 


1 rt oz 




1 


1+45 


1430 


15 


'.IJ^45 


i:m 


-32 


2. 


1521 


1580 


-59 


1485 


1656 


- 171 


. 3 


1631 


1790 


-1'59 


1680 


1998 


-318 
-376 


4 


1669 


1940 


-271 


1730 


2106 • 



I 

In this table, the first column shows the number of the 
gun; and its velocity of ball, both by the vibration of the 
guii and pendulum, with tlieir differences, is on the same 
line with it, for the several charges of powder. After the 
first column, the rest of the page is divided into four spaces, 
thfB four charges, 2, 4, 8, 16 ounces ; and each of thede 
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is divided into three columns : in the first of the three, is 
the velpcity of the ball as determined from the vibration of 
the gun ; in the second is the velocity as determined from 
the vibration of the pendulam ; and in the third is the dif- 
ference between the two, which is marked with the nega- 
tive sign, or — , when the former ^relocity is less than the 
latter, otherwise it is positive. 

1 19* From the comparison cohtained in the last article^ 
it appears^ in general, that the velocities, deterqained by 
the two different ways, do not agree together ; and that 
therefore the method of determining the velocity of the ball 
from the recoil of the gun, is not generally true, though, 
Mr. Robins and Mr. Thompson (now Count Rumford) had 
suspected it to be so ; and consequently that the efiect of 
the inflamed powder on the recoil of the gun, is not exactly 
.the same when it is fired- without a ball, as when it is fired 
with one. ' It also appears that thb difference is no wayji 
regular, neither in the different guns with the same charge^ 
nor in the same gun with different charges of powder. That 
with very small charges, the velocity by the gun is greater 
than that by the pendulum ; but that the latter always gains 
upon the former, and soon becomes equal to it ; after 
which, it exceeds it more and more as the charge of powder 
is increased. That the particular charge, at which the two 
velocities become equal, is different in the different guns; 
and that this charge is^ less, or the equality sooner takes 
place, as tiie gun is longer. And all this, whether we use 
the actual velocity with which the ball strikes the pendulum^ 
or the same increased by the velocity lost by the resistance 
of the air, in its flight from the gun to the pendulum. 



OF THB RANGES AND TIMES OF FLIOBT. 

120. Having dispatched what relates to the velocity of 
the ball, we may now proceed in like manner to the «bcpe» 
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riments made to determine the actual ranges, and the timei 
of jBight of the balls. 

The mediums of these, hitherto obtained, are not so nu- 
merous as could be wished ; hoMreTer^'such as they are, we 
shall here collect them, in the. same manner as we did the 
circumstances relating to the initial yelocities in Art 112. < 



Mediums of Ranges and Times oJFUghU 



Date 


Barbm 


Ther. 


Pow- 
der 

oz 


BaU*s - t 


Elevmt 
gun 


Time 
St 


lUof e 


wt 


diam 


1T85 


inches 


dcg 


02 dr 


inches 


deg 


sec 


feet 


Sept 2 


29-80 


66 


8 


16 13 


1 -965 


15 


14-0 


5916 


8 


30-02 


%5 


8 


16 12 


1-96 


15 


14-7 


6216 


14 


30-50 


67 


4 


16 12 


1-96 


15 


8-4 


4398 


23^ 


30-35 


60 


4 


16 10 


1-P63 


15 


8*3 


4523 


2 


16 8 


1-97 


45 


220 


5068 


29$ 


30-35 


60 


2 
12 


16 12 
16 1^ 


1-95 
1-95 


45 
15 


20-3 
15-5 


5150 
6700 


1786 


















June 12 \ 


29*89 


63 


4 
2 


16 3 
16 5 


1-957 
h959 


15 
15 


iro 

9-2 


^060 
4130 


1785 


. 






Oct 4 


29-93 


• 


8 


15 3 


1-96 


15 


1 5600 


L...?l 


29-88 


60 


8 


15 12 1-96 


15 


101 1 5620 



Of these, the first 6 day^s experiments were with the gun 
n^ 2 ; i^nd the last two days, with the gun n"* 3. 

121. Now, by taking again the mediums of these, botfc 
in the balls, and their ranges and times of flight, they will 
friially come out i^s follows : 



ns 
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Final Mediums of Ranges and Times. 



Gun 


Powder . 

OS 


' ^ " Ban" 


Elevat 
grwu 


Tiin.; 
fit 


Range 

• 


Velocity } 




wt 


diam 


of ball 




OZ • dr 


inches 


deg 


sec 


feet 


feee 


1 


2 


16 10 


1-96 


45 


21^2 


5109 


863 


■ 


2 


16 5 


1-95^3 


15 


9-2 


4130 


S68 


■ N'S 


4 


16 8^ 


1-96 


]5 


9-2 


.4660 


12^4 




8 


IS 12i 


1-962 


15 


14-4 


6066 


16 A 




12 


16 12 


1-95 


15 
\5 

|iii 


15'5 


6700 
5610 


1676 


N"3 


8 


15 74 

"7" ■ -"' ■ • 


1-96 


10- 1 


1930 



And in the last coliiain are added the. corresponding ini- 
tial .Telocities, which the ball would haye at the mnzzte 
of the gun; which have be^n extracted froip the medium 
velocities, as determined by the pendulum, and here r^-r 
dnced to the peculiar weight and diameter of ball in each 
'particular case of this table, by the ^eductions specified in 
Art. 113, and by augoienting the velocity for the 2 ounce 
f^barge by its 36th part, and tlie others by their 28th part, 
for the loss of velocity ip passing fropi the gtin to the pen- 
dulum. 

So that, in this little table, we have the following concor 
mitant data, determined with a tolerable degree ' of preci- 
sion ; nanxely, the weight of pqwder, the weight and dia^ 
meter of., the ball, the initial or projectile velocity, the^ 
elevation of the gun, the time of the ball's flight, and its 
vange, t^ tlte. distance on the horizontal plane. From 
which it is Ijioped that the resistance of tbe medium, aud its 
effect on other elevations^ &c, may he in some measure 
determined, and so afford the means of deriving rules for 
the several cases of practical gunnery : a subject intended 
to be further treated on, in the Tuture prosecution of these 

• * 

jexperiments. 



OP THB ball's penetration INTO THE WOOD. 

I shall here select only those depths of the penetrations into 
the block of wood^ which have been made ii^ the course of 
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the ]a$t year's experiments, as they are the most mitneroUt 
aod uniform, and were all oaade with the same gun, namely^ 
Q^ 2. I shall also select oply those for 2, 4, and 8 .ounces of 
powder^as they are the most useful and certain numbers, for 
affording safe and general conclusions ; and besides, the triah 
with other charges are too few in number, being commonly 
no more than one of eaclu 



M^w P^netroitlons of Balls into Elm Wood. 



4 ' i ' I » 'III 

Powder 2 



> ■ I I » 



16-6 
13-5 



I means 71 15 



8 



1 



18-9 
21-2 
181 
20-8 
SO-5 



20 



That is, tbeballs penetrated about 

7 inches deep with 2 oz of poWder 

20 -*---«---* 
And these penetrations ate nearly as the numbers 

2, 4', 6, or 1, 2, 3 ; but the quantities of powder .are 
as 2, 4, 8, or 1,2, 4 ; so that the penetrations ai^ as the 
charges as far as 4 ounces, but in a less ratio at 8 ounces, 
namely, less in the ratio of 3 to 4. And are indeed, so far^ 
proportional to the logarithms of the charges. But the 
wood was wet within side, and therefore probably soft^ 
which will give the penetrations too much. 

Now, by the theory of penetrations, the depths ought to 
be, as the charges, or, which is the same thing, as the 
squares of the velodties. But from our experiments it ap* 
pears, that the penetrations fall short' of that proportion in 
the higher charges* And therefore it would seem, that tb^ 
resisting force of the wood is not uniformly the same ; but 
that it in^r^as^s a little with the increased velocity gf the ball. 
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And this probably may be occasioned b}^ the greater quan- 
tity of fibres driven before the ball ; which may thus in- 
, crease the spring or reikis tance of the wood, and so prevent 
the ball from penetrating so deep as it otherwise would do. 
But it will require further experiments in future to deter- 
mine this point more accurately. 

122. Before concluding this account, it may not be un- 
useful to make a short recapitulation of the more remarka* 
ble deductions that have been drawn from the experiments, 
in the course of these calculations. For, by bringing them 
together into one collected point of view, we may, at any 
time, easily sec what useful points of knowledge are hereby 
obtained, and thence be able to judge what remains yet to' 
be done by future experiments. Having therefore experi- 
mented, and examined, all the objects that were {lointed 
out in Art, 5, we shall just slightly mention tbe. answers 
to these enquiries ; which are either additions to, or con- 
firmations of, those laid down iii Art. 2, as drawn from 
the former experiments in the year 1775. 

And 1st, then, it may be remarked, that the former law, 
between the charge and velocity of ball^ is again confirmed, 
namely, that the velocity is directly as the square root of 
the weight of powder, as far as to about the charge of 
8 ounces: and so it would continue for all charges, were 
the guns of an indefinite length. But as the length of the 
charge is increased, and bears a more considerable propor- 
tion to the length of the bore, the velocity falls the more 
short of that proportfon* 

2nd. That the velocity of the ball increases with the 
charge, to a certain point, which is peculiar to each gun, 
where it is greatest ; and that by further increasing the 
charge, the velocity gradually diminishes, till the bore is 
quite full of powder. That this charge for the greatest 
velocity is greater as the gun is longer, but not greater 
bowever, in so high a proportion as the length of the gun 
is ; so that the - part of the bore filled with powder bears a 
leas proportion to the whole in the long guns> than it does 
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m the shorter ones; the part of the whole which is' filled 
being indeed nearly in the reciprocal subduplicate ratio ci 
the length of the empty part. And tiie othi^r circumstanees' 
are as in this tablet 

Table of Charges producing the Greatest Felociiy. 



Gun n^ 


Length of 


Length 


Part of the Weight of | 


the bore 


filled 


whole 


the pnwd«*r 




inches 


Inches 




oz 


1 


28-5 


8-2 


•i*r 


12 


2 


38-4 


9-5 


■^ 


14 


3 


5^-7 


10-7 


^ 


16 


4 


80-2 


1 120 


tV 1. 18 1 



Sdly. It appears that the velocity continually increases 
as the gun is longer, though the increase in velocity is but 
very small in respect to the increase in length, the veloci* 
ties being in a ratio somewhat less than that of the square 
roots of the length of the bore, but somewhat greater tlian 
that of the cube roots of the length, and is indeed nearly in' 
the middle ratio between the two. But the particular 
degrees of velocity for each gun, and charge, may be seen 
at p. 67 and 69. 

4thly. It appears from the table of ranges in Art. 121, 
p. 76, that the range increases in a much less ratio tlian th^ 
velocity,and indeed is nearly asthe square root of the velocity, ' 
the gun and elevation being the same. And when this is 
compared with the property of the velocity and length of 
gun in the foregoing paragraph, it appears that we gain 
extremely little in the railge by a great increase in the 
length of the gun, the charge being the same. And indeed 
the range is nearly as the 5th root of the length of the bore ; 
which is so small an increase, as to amount only to about 
fth part more range for a double length of gun. 

5thly. From the same table in Art. 121 , it also appears, 
that the time of flight is nearly as the range ; the gun and 
elevation being the same. 

6thly. It appears that there is no difference caused in 



the velocity tft range^ by iraryirig the weight of the gun, 
HOP by the lisci of wada^ nor by different degrees 6frftflcw 
Imnig^ nor by firing the charge, of powder in difierent parts 
of it. 

7thly. But a very gr^at diffetence in the veIo<:ity arises 
from a^ small degree of windage. Indeed with the usual 
established tirindage only^ namely^ abotit ^th of the caliberi* 
no le$s thati between ^ and ^ of the powder escapes and is 
It>st. And as the balb are often smaller than that size,' 
it frequently happertis that i the powdtr id Iqst by unne- 
cessary windage^ 

Sthjy^ It appeal's that the resisting forced df vood/ to^ 
balls fired into it^ is not editstant^ And that tbe depths 
penetrated by different velocities or charg^ai are nearly as 
the logarithms of the charge^^ instead of beiDg as ihoi^ 
charges themselves^ or, which is the same tbili^^ as tbei 
square of the velocity^ 

dthly. These, and moat othtf* etp^ritn^ftts^ sbow^ thai 
balls are greatly deflected from the direction they are pro^ 
jected in ; and that so mUcH as flOO or 400 yards. in a range; 
of a mile, or almost .^th of the range^ which is nearly a 
deflection of an angle of 15 degrees^ 

lOthly^' Finally, these experiments furnish us with thd 
following concomitant data^ to a tolerable degree of accu^ 
racy ; namely, the .dimensions and elevation of the gun, 
the weight and dimemions of th^ powdei* and sbot^ with 
the range and time of flight, and first velocity of the ball $ 
from ^hioh it i» to be hoped, that the me^sule of the- resist- 
ance of the air to projectiles may be d^termioed^ ^od there* 
by the foundation be laid for -a true and practical systei^ of 
gunnery, which may be as well useful in service aa in 
theory ; especially after a few more accurate raoges sire 
determined, with better and larger bails than some pf ib^ 
last employed on the foregoing/ rangea« 
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tHfe iEXPElilMEl^TS OF 1787* 

125. 'the chief object of this y^r's experiments vas| 
by discharging the balls against the ballistic pendulum, 
placed at different distances^ to observe bow muth velocity 
would be lost in passing through different spaces of air^ and 
thence to determine the quantity of the air's resistance, to 
every degree of velocity in the. ball. The gun employed 
was n"* 2 : and the charges of powder were 2 ounces and 8 
ounces ; because the velocity of the ball with the former 
charge would be about 800 or 900 feet, and of the lattet 
about 1600 or 1800 feet per second ; neatly in the middle 
between which, Mn Robins says, th^ law of the resistance 
changes from the square of the velocity, so as to giveaboul 
triple the result of that ratio. 

Three barrels of fresh good powder were mixed together^ 
to be used in these experiments^ that they might be all 
made with the same kind, or powder of equal strength. 
And a parcel of very nice round balls, were cast, with very 
ismall windage, being each of 2 inches in diameter, and 
weighing 18 ounces, sometimes a dram or two over or under; 
The charges, as before, were put in flannel bags, and mo* 
derately thrust up always to the same height in the bote. 



126. Monday, S'epteniber \0y 178 7* 

' Attended to weigh the pendulum, and measure the dis* 
tancesto the centres of gravity and oscillation ^ which were 
as below : 

The weight of the pendulum and its spear 791 lb. 
Distance to the centre of gravity - - - 78*2 inches 
Vibrations in 10 min. by a medium of 2 times 401, 

Hung up the pendulum in its place^ anil prepared every 
thing, to be ready to begiq firing the next morning. 
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127. September 11, 1787 ; from 10 /t// 1. 

Dry weather. 
Barometer 30*33 ; Tberinometer 58^ 











• 




/ 


Values of 1 1 


NO 


Pow- 
der 

QZ 


Ballf 


Oiit. 
feet 


Vibr 
peod 


Point 
struck 

inches 


Pittgi 

wt 




Velocity ofl 

ball 1 

- 


P 


s 


oz dr 


c 


oz 


lb 


inches 


feet 


1 


8 


18 


30 


180 


88-0 


3 


791-0 


78-2 


1728 


2 


S 


18 


30 


79 


89-0 


3 




' 




S 


a 


18 


30 


173 


89-4 


3 


793-4 


78-2 


1638 


4 


? 


18 


30 


90 


90-2 


3 


794-5 


78-3 


847 D 


5 


5? 


18 


30 


103 


89-2 


3 


795-7 


78-3 


981 


6 


2 


18 


30 


99 


87-7 


4 


796-9 


78-3 


961 


7 


8 


18 


30 


177 


86-8 


4 


798-1 


78-3 


1738 


» 


8 


18 


90 


157 


87-9 


4 


799*3 


78-4 


1527 D 


9 


2 


18 


90 


95 


88-7 


4 


800-4 


78-4 


917 


10 


S 


18 O 


90 


165 


91-9 


3 


1 801*6 


78-4 


1539 D 


11 


2 


18 


90 


96 


86-6 


3 


802-8 


78-4 


952 


12 8 1 


18 


90 


165 


86-9 


5 


8040 


^78-4 


1632. 


13 


2 


18 


90 


93 


84-9 


4 


805-2 


78-5 


934 



• mi 1 I I 1 H P " 



To find the mediums. 



At 30 feet 
17f2B 
1638 
1738 



With 9 QZ 



90 feet 
D. 
O 

1632 



30 feet 

D 
981 
961 
977 



2o2i 



90 feet 

917 
952 
934 



Medi. 1702 1632 971 934 

Lost in 60 feet * 70 ------- 37 

Therefore, in passing through 60 feet of air, the greater 
lost 70, or 24th part, the less lost 37, or 26th part. 

The churge at n* 2 was not set up home in the bore. 

Some of the rounds are omitted as doubtful, marked p.-^ 
The number of pseiUations will remain invariable, as the 
balls locked about the centre of oscillation, or nearly at 

equal distances above and below it The mean of the 

penetrations was S*S inches, with 2 oz of powder. 
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128. September 12, \1ii; from 10 iUt U 

Dry weathen 
Bacometer SO*Sl ; Thermometer dT. 



K5 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 



Pow- 
der 

oz 

8 

^ 

8 
2 
8 
2 

a 

8 
2 
8 
2 
2 
8 



B«n 



oz 

18 

IS 

18 

18 

18 

18 

18 

18 

16 

18 

18 

18 

18 



dr 

O 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 





Diet, 
gun 






« 18 1 



I 



< * >.*« 



feet 

150 

150 

150 

150 

150 

150 

210 

210 

210 

210 

2101 

210 

210 

2101 



Vitw- 
pend 



c 

153 
93 

15S 
91 

t52 
94 

HI 
90 

142 
75 
89 

146 
86 



Point 
struck 



Plugs 
wt 



892 
88-1 
82-S 
89-1 
87-5 
88-6 

840 
90-4 
86 

87-8 

84-4 
83-5 



oz 

4 
2 
4 
3 
4 
3 

5 
8 
4 

4 
5 
3 



Values of 

III I w 



lb 

$oe*3 

$07-5 
«08-7 
809-9 
81 1'l 
812-2 

81S-4 
$14-6 
$15-8 

SllK) 
^18*1 
819*3 



g 



' III 1 11 



inclles 

78'5 

78*5 

78'i 

78*6 

7 8-0 

78*6 

78'* 
78-6 
78-7 

78*7 
78-7 

78*7 

« < . .. .■ 



With roz 

— ■ — ^^^ I - 



S4>s 







feet 
1481d 

909 
1603 

883 
1503 

920 



1519 

868 

14)9 

887 

1519 

902 



At %S0 feet 


SlOfeet 


O 


1519 


1608 


1439 


1503 


1519 


Meifiiiiiisl 556 


14V2 



1^ 

150 feet 


SID feet 


J909 


U66 


B83 


«87 


920 


902 


904 


«76 


•• ^ , wi 


- ss 



Loit m €0 ftset - « 61 « •« - 

■ 

So that^ in passing through 60 feet of air, the greater 
lost 61, or 2Stb part, the les^ lo^28, or 3^d part. 

N^ 7 struck the edge of ode of the side iron bands, which 
turned the ball aside fron» the pendulnm* And li* 11 ^riick 
the iron band, which broke ^ ball' in fliecEks.«''<-i^The pe^ 
netration gf n* 8 was IPJ inthes* \ 
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129. Septemher IS, 1787 ; /row 10 till 3. 

Dry weather. 
Barometer 30*25 : Thermometer 56 . 

' A 



N* 


Pow- 
der 


Ball 


Dist. 

gun 


Vibr 
pend 


Point 
struck 


Plugs 
wt 

oz 


Values of 


Velocity 
of ball 


P 




oz 


oz 


dr 


feet 


c 


inches 


lb 


inches 


feet 


1 


8 


17 


15 


300 














2 


8 


18 


1 


300 


121 


78-5 




820-5 


78-8 


1354 


3 


8 


18 


1 


300 


152 


92-6 


8 


821-7 


78-8 


1445 


4 


8 


18 


1 


300 


135 


93-4 


2 


822-9 


78-8 


1273 d 


5 


8 


18 


2 


300 














6 


8 


18 


2 


300 


121 


79-9 


3 


824-0 


78-8 


1331 D 


7 


8 


\^ 


2 


300 


122 


82-0 


3 


825-2 


78-8 ^ 


1310D 


8 


8 


18 


1 


300 


135 


89-3 


2 


826-4 


78-9 


1339 D 


9 


2 


17 


15 


300 


77 


84-6 


2 


827-6 


78-9 


814d 


10 


2 


17 


15 


300 


93 


99-1 




828-8 


78-9 


840 


11 


2 


17 


15 


300 


83 


90-4 


2 


829-4 


78-9 


823 


12 


2 


17 


15 


300 


89 


95-3 


2 


830-5 


78-9 


838 


13 


8 


17 


15 


378 


134 


94-4 


3 


831-7 


79-0 


1277 


1* 


. 2 


17 


15 


378 


85 


95-0 


3 


832-9 


79-0 


806 


15 


8 


17 


15' 


378 








834-0 79-0 





With 8 oz 
At 300 feet 378 feet 

Mediums 1400 1277 

Lost in 78 feet - ' 123 



2oz 
300 feet 378 feet 

834 806 
28 



So that, in passing through 78 feet of air, the greater lost 
123 feet, or 1 ith part, the less lost 28 feet, or 30th part. 
But the Velocity 1277, in the 13th. round, is probably too 
smalL . 

The 5th and 15th rounds missed the block. The 10th 
ball struck the bottom bar, and broke it : the ball also broke 
in two ; the one half of which lodged in the block, and the 
other half rebounded 3 or 4 feet back only. 

After the experiments were finished this day, the pendu- 
lum was measured and weighed, as at first; when it was 
found that the 
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Distance to tl^e centre of grarity was ^^ { t^ S oiOfediaQ 
79'0 inches or ^-.----J"^ £at first; 

N* of oscillations in 10 minutes by two 7 ^. C the same 
watches, was ---•-• -.J ** 

Weight of the pendulum and spear - - 

Now the balls lodged were 36| at 18oz each 

And the weight of plugs was ... * 

Therf. the wt. of the balls and plugs was 

Which added to the weight at first, viz* 

makes 

So that there has been lost by evaporation 

the weather being very dry. 



{as at first; 
834 Iby - 
41 

H 

48i 
751 
839i 

^IbioSdaySy 



$§ 
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136. September. 20 y {1S7. Fine warm day. 

Baroipetetf 29-64; Thermometer 6 1®. 

Experiments m^de in the Barrack Field, with b&ils of 
equal diameter, but 6f different weights and materials, di^ 
charged out of a small Coebbrn mortar, to show tte Resists 
ance of the Air. - « 



)^' 



1 
2 
3 
4 
5 
6 
7 
8 
9 
1(^ 
U 
12 
13 
14 
15 
16 
17 
18 
1J> 
20 
21 
22 
23 
24 
25 
26 



PQW' 

der 



oz 

1 

1 

1 

2 

1 

1 

1 

2 

1 

1 

1 



1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
2 



Ball's 



J. Ji f " ^" 



wt 



lb 
14 



12 



8 



1 8 
I 



1 







^ • 



oz 
4 
4 
4 
4 

14 

14 

14 

14 

12 
11 
10 

9 

51 

5i 

5i 

6 

6 

6 

6 

7" 

H 

6^ 
6i 



diam 



inches 

4-43 



4*49 



4-43 



4'44 



4*40 



Time! ^^ 
of. ( Pfvw- 



tion 



do 





shot 



" ' f fk 



SbeHsilMwitb 
lead 



SolH inHi balls 



Shellsfilledwith 
water 



Empty shells 



Oaken ballf 



Paper ballsmb- 
bed orer with 
whiting, to 
mark the falil 



: 



Ditto wHhoat 
wbitin; 

Do. with whitn. 



The diameter of the mortar bore 4*6 inches : Us elevation 
was always 45*. 
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About an oance of water came through the wooden plug 
during the flight of the water shells.*^The side demtioni, 
to the rigiit (r) and left (l) of the line of direction, with 
] oz of powder, were little or nothing in the heavy thot ; 
but those of the light ones were very greisfct.<^t seems the 
resistance was much greater on the paper ball when its sur- 
face was made rough and uneten with the whiting. 

In the heavier shot, it appears* that the range is about 
tripled with the dquble charge of powder. 

131. Abstract of the preceding Experiments of 1 787. 

, By collecting now together the medium results of the 
three days experiments, of September 11, 12, 13, of this 
year 1187, are obtained the following medium velocities, 
of the balls of 2 inches diameter, and 18 oz weight, as dis« 
charged from the gun n° 2, with 2 oz and 8 oe of powder, 
when striking the pendulum at the distances expressed in 
the first column. > 



Experimented Velocities at the 
following distatoceit. 



Dists. 



feet 

SO 
90 
150 
210 
300 



iwing Qistancest. 
VetocitieB with 
8oz 2o 



feet 

no2 

1632 '° 
1553 '» 
1492 "' 
1400 »« 



2oz 
feet 

971 
934 ®' 
9(J4 »° 
876 8» 
834*3 



." . i ~ - '- - ^- -I f -■ I . I 1 1 I 111 

Velocities for other distances, de- 
duced from the former. 



Dists. 



fleet 

60 
120 
180 
240 
300 



Veloeiti^B with 



8 oz 



fe«t 

1740 
1667 
1597 
15S0 
1466 
1404 



73 
•70 
67 
64 



2 oz 



feet 
990 
953 
9.19 
888 
a59 
I 832 



87 

31 

99 



The first of these two tables shows the collection of ex- 
perimented mean velocities, with which the balls struck 
the pendulum, at the several irregular distances set in the 
first column ; the 2d column shows the discharges with 8 oz 
of powder, and the 3d with 2 oz. The second table may 
also be considered as experimented velocities, with similar 
charges, for the several regular distances in arithmetical 
progression, having the common difference of 60 feet ; 
i>eing derived from the former by interpolations. Also, the 
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tinnexed differences of the velocities, in small figuresi show 
the Telocity lost by the balls, in passing through 60 feet of 
ftiri or the difference of the distances in the 3d columnf 

tiow., to determine how much the resistance of the air is^ 
to the several velocities, by which the said decreases in the 
velocities are produced, we may proceed as follows: Put 
s = any space passed over in the time /, p the velocity in 
the middle of that space, and v' the velocity lost in passing 
over that space ; also r the required force of resistance j tlie 
weight of the ball being denoted by | . Then is ^ = 4- 

nearly ; and 1 : /" : : S2 : 32t the velocity generated or 
destroyed by gravity in the time /; therefore 32/ :v':: I :r 

^aii^ S2t ^^^^^^^^ of resistance, in pomparison with gra- 

vHy; viz, itis^^ times the weight of the ball. Then, 

taking s = 60, the space passed over, t^ =e: to the several 
means between the velocities in the second colunins, and 
v' = the several differences between them, we have the 
following resiistances, in ounces, to theball of just 2 inches 
diameter, and IBoz weighty with their corresponding velor 
pities in the first column. 



With 8 02; of Powder. 


Veloci- 


Resist- 


iRt 


9d 


ties 


ances 


dtffs. 


diffs. 


feet 


oz 


• » ' 


» ' • 


1703 


11 65i 


944 
89 
84 
78 


• 


1632 


1071 


0^ 


1563 


982 


5 


1498 


898 


6 


1435 


820 





With 2 oz of Powder 


Veloci- 
ties 

feet 

972 

936 

904 
i873 

845 


Resi^t^ 
ances 


Ist 

diffs. 


2d 
drffs. 


oz 
328 
298^. 

271 

2451 

2214 


29i 
27i 

24 


2 

2 
1* 
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THE PENDULUM EXPERIMENTS OF 1788, 

The object of the following experiments, is again to find 
the resistance of the air, by discharging the bails at differ- 
ent distances from the pendulum, and so showing the velo« 
city lost Sit each distance ; in order to connect with those 
resistances, to slower motions, that have been deduced from 
experiments made with the whirling machine^ in the Aca- 
demy this year ; and some former years. 

132. August 6, 1188. Weather cold and cloudy. 
Barometer 30*17 ; Thermometer, 64°. 



too 


Pow- Ball's BisulVibratl 


Point 


^, Values of „ . .. 
Plugs V«locitv 






der 


wt 


gun 


pend. 


struck 


wt 


P 


f( 


of bail 




oz 


oz dr 


feet 


c 


inches 


oz 


lb M 


ichee 


feet 




1 


2 


16 9i 


30 


73 


86-7 


1-3 


862*0 ' 


79-0 


840 D 




2 


2 


' lOi 


• 


79 


89-2 


2-4 


863-2 




882 




3 


2 


• lOi 


• 


79 


89-1 


2'5 


864-3 




884 




U 


2 


• 134 


• 


80 


91-4 


2-1 


865-5 




864 




5 


8 


• 9 


• 


144 


920 


3-0 


866-6 




1573 




6 


8 


• 8i 


• 


146 


90-9 


4-1 


867-8 




1620 


> 


7 


8 


• 104 


• 


143 


91-4 


3-6 


869-0 




1568 




,8 


9' 


• H 


60 


67 


85-4 


S-3 


870-1 




79:*D 




9 


2 


' 7i 


• 


70 


85-4 


2-1 


871-3 




833 




10 


2 ^ 1 


• 


72 


84-2 


21 


872-4 


79-1 


872 




U 


2^ 


• 10 


• 


73 


87-4 


1-5 


873-6 1 




844 




12 


8 


' lOi 


• 


146 


90-3 


3-5 874-8 1 




1633 


■ 


19 


8. 


• 94 


• 


138 


90-4 


30 


875-9 




1550 




14 


8 


• 94 


• 


124 


85-0 


3-4 


877-1 




1483 




15 

• 


8 


' 84 


.• 


133 


88-8 


2-6 


878-2 




1530 




16 


2 


• 11 


120 


73 


89-7 


2-1 


879-4 




S25 




17 


2 


• 64 


• 


75 


89-0 


30 


880-6 




869 




18 


2 


' 74 


• 


72 


88-5 


1-4 


881-7 




837 




19 


8 


• 84 


• 


145 


95*8 


3*4 


882-9 




1555 




20 


8 


• 154 


• 


140 


90-3 


4-1 


884-0 




1554 




21 


8 


• 124 


• 


130 


90-9 


3-5 


885-2 




1450 




22 


1 8 


• 6 


• 


irs 


90-0 


4-5 


886-4 1 • 


1480 


1 


6 


€»de! 


I these 


22 r 


oqnd 


s, tw 


otfa 


lers wer( 


e fire 


id. whic 



missed the pendulnm. At beginning this day, the pendu« 
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lutn weighed 862 lb. Its centre of gravity was at 79 inches ; 
9nd its medium vibrations were 4(4- in a minute. The gun 
was n"* S. The mean weight of balls was 16 o» 10 dr, and 
•their diameter 1*965 inches.— The mediums of these sets of 
velocities, with 8 oz and 2 oz of powder, and at the several 
distances t)f 30 and 60 and 120 feet, are as follow : 



With 8 oz 



2 02 



1587 at 30 feet distance 877 

1550 at 60 feet - - 850 , ^ 

1510 at 120 feet • - 844 

133. August 7, 1788 ; Weather as before. 

Barometer 30* 1 3 5 Thermometer 60**. 

This day's experimeifits were a continuation of those of 

yesterday, with th& same gun n° 2, and the same charges, 

of 2 and 8 oz of powder, but at different distances from the 

pendulum, viz, at 180, 240, SOO feet distances. 



■"""^ 








— , 






1 VAlni*s Af 




N« 


Pow- 
der 

oz 


Bairs 
wt 


Dist 
gun. 


Vibr. 
p«nd 

e 


Point 
struck 

r 

inches 


Hug* 
wt 




Velocity 
of bail 


. P 


i 


oz 


dr 


feet 


•z 


lb 


inches 


.ieet 


1 


2 


16 


7^ 


180 


76 


97 9 


3-4 


887-7 


79-1 


804 


2 


2 


17 





• 


73 


90-4 


2-1 


888*9 f 


8)4 1 


S 


2 


16 


15 


• 


71 


89-7 


1-3 


890-1 






800 


4 


2 


17 





• 


65 


82-3 


2*3 


891-4 






799 


5 


8 


16 


7 


^ * 


124 


88-6 


2-4 


892-6 






1458 


6 


8 


17 





. 


135 


93-3 


4-2 


893-8 






1466 


7 


8 


16 


10 


• 


114 


93-4 


3-1 


8950 


7S 


•2 


1264D 


8 


8 


16 


74 


• 


133 


96-4 


2*7 


896-3 






1445 


9 


2 


16 


lU 


240 


71 


92-8 


4-5 


897-5 






787 


10 


2 


16 


8 


• 


72 


98-6 


3-4 


898-7 






767 


11 


2 


16 


7 


« 


59 


79-9 


2-2 


899«9 






776 


12 


2 


16 


8 


• 


65 


85-0 


4-9 


901-1 


• 




SOS 


ir^ 


8 


16 


8 


. 


113 


87-6 


3-1 


902-4 


, 




1360 


14 


8 


16 


14 


• 


121 


90*2 


8-4 


903 6 


• 


t 


1376 


15 


8 


16 


15 


• 


115 


92-1 


2-8 


904-8 




4 


1283d 


16 


8 


16 


13 


• 


106 


84-5 


3-0 


9060 






1309D 


17 


2 


16 


11 


300 


66 


93-9 


1-4 


907-3 






736 D 


18 


2 


16 


6 


• 


65 


88-6 


2»0 


908-5 


* 




786 


19 


2 


17 





• 


62 


82*9 


2*6 


909*7 


• 1 


772 
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Besides the above 19 rounds, many others were fired , most 
' of them at 300 feet distance, which are not here recorded, as 
they missed the pendulum. — ^The mediums of these sets of 
velocities, with the charges of 8 and 2 oz, and at the three 
distances 180, 240, 300, are as below.— >The medium weight 
of the balls, 16 oz U*26 dr. 

Witb8o7 ' 9oa 

1456 at 180 feet distance 804 

1368 at 240 - - - - 184 

• at 300 - - . - 165 

J34. August 9, ns^. Weather as before. 

Barometer 30*16; Thermometer 60^ 

A further continuation of the* same experiments. 



N? 


Pow- 
der 


Ball's 

wt 


Dist. 
gun 

feet 


Vibr. 
pend 


Point 
struck 


Plugs 
wt 


Values of 


VfOncity 
of ball 


P 1 


inches 


OE 


OS dr 


c 


inches 


02 


lb 


feet 


1 


2 


16 lOj- 


300 


68 


93-5 


2-2 


910-4 


79-2 


766 


2 


2 


16 11 




64 


87-1 


3-5 


Pll-7 




775 


3 


2 


16 11 




61 


83-8 


2-6 


912-9 




769 


4 


8 


16 10 




112 


96-7 


5-0 


914*2 




1225© 


5 


8 


16 10 




108 


86-9 


2*4 


915*4 




1317 


6 


8 


16 12 




93 


80-6 


1-5 


916-7 




12240 


7 


S 


16 11 




108 


92-3 


2-6 


917-9 


79-3 


1241 


8 


2 


16 11 


360 


66 


96-5 


3-3 


919-2 




727 


9 


2 116 12 




56 


,82-6 


1-7 


920-4 




721 


10 


2 


16 9 




62 


90-3 


3-0 


921-7 




731 


li 


2 


16 11 


m 
^ 


62 


87-0 


2-0 


922-9 




760 


12 


8 


16 11 




117 


93*8 


2'9 


924-2 


• 


1332 D 


13 


8 


16 10 




95 


80-0 


2-7 


925-4 




1270 


14 


8 


16 11 


103 


89-9 


2-4 


926-7 




1227 


111 


8 


16 9 


87 1 82-21 3-0 


927-9 




1134D 



Besides these 15 rounds, a great many more were fired, 
which missed the pendalum.<^The mediums of these veloci- 
ties, as usual, were as below. — ^And the medium weight pf 
the balls 16oz 10} dr. 

With 8 •« 8 oz 

1817 at 300 feet distance 770 
1276 at 860 - - - - 735 
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1S5. Now collating together tlie medium numbers^ fqr 
the same charge and distance, of tlie last three day*s expe- 
rioi^ntSy omitting sqme that are evidently irregular, they 
come out as below: viz^ 



I 



With 2oz 



DiKt. 
SO 
60 
120 
ISO 
240 
300 
360 



Veloc Difl% 
877 
^50 
844 
S04 
784 
765 
735 



27 
6 
40 
20 
19 
SO 



8(>z 



Vfcl .c Diffs 

15S7 
1650 
1510 
1456 
1368 
13i7 
1276 



37 
40 
54 
8B 
51 
41 



Here it is evident, from the 
columns of differences, that the 
numbers for the velocities are 
not far from the regular law 
which nature observes ; indeed 
as nearly regular as stch expe- 
riments can well be expected to 
produce. Hence we can easily 
infer, ths^t the velocity aTthe 
muzzle ofthegun, with the ^oz cha,rge, was alittleahave 880, 
and with 8 oz about 1640. By making the comparison, we 
perceive that the numbers are all a little less than the corie- 
spending numbers of last year, owing partly to the greater 
windage, and perhaps partly to the powder losing of its 
quality since the last year ; for it wfts the remains of the 
same powder as wais then used* 

By rpaking some sn>all and obvious alterations in the 
above numbers, sometimes adding and sometimes subtract* 
ing a small quantity, the velocities are easily made regular, 
as in tte following table, which may be considered as exhi- 
biting the correct velocities with which the pendulum was 
struck at the several annexed distances. The adjacent 
numbers are also subtracted from one another, to show the 
velocity Ipst at each distance, from the gun; and th^ir 
annexed differences show the quantity of velocity for each 
20 yards or 60 feet, with its respective velocity. — The me- 
dium weight of the balls, in all the three days, being 16 dz 
10-64 dr, or 16f oz, and diameter 1-965 inches. 
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Mean Velocities, &c, at several distances. 


Dists 
from 
petid 


With 2 oz of powder 


With 8 oz of powder 


Velocity Veloc, 
struck lost 


Di&. 

34 
32 
30 

28 
26 
24 


Velocity 
struck 


Veloc. 
lost 


Diffs. 




60 
,120 

180 
240 
300 
360 


900 
866 
834 
804 
776 
750 
726 




34 

66 

96 

124 

150 

174 


1637 
1563 
1493 
1427 
1365 
1306 
1£50 




74 

144 

210 

272 
331 

387 


74 
70 
66 
62 
59 
56 



By employing here the theorem at Art. 131, for the re- 
astances, we obtain the following table for the resistances 
to a ball of 1*965 inches diameter^ and 16foz weight* 



with 3 oz of powder 


With 8 oz of powder 


Velocity 


Resistances 


Velocity 


Kesistances 1 


feet 
883 

850 
819 
790 
763 
738 


oz 

261 

236 

213 

193 

176 

160 


diffs 

25 
23 
20 
17 
16 


S diffs 

2 
S 
3 

1 


feet 
1600 
1528 
1460 
1396 
1336 
1278 


oz 
1030 
929 
837 
752 
675 
609 


diffs 

101 

92 
85 
77 
66 


3 diffs 

9 

7 

8 

11 
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1S6. August 20> 1788 \fr(m 9 ft?/ 2. 
Barometer £9*80; Thermometer 64. 

Began this day a^ course of experiments with the gun n* 
3,' to fire it with a high charge, and several low ones, at 
different distances, to obtain the resistance to as many 
other velocities as can begot. — ^The pendulum was mea- 
nired, weighed, and hong up two days ago, being a new 
block ; but on using^ it, thought the wood not sound, as the 
balls that were fired, with 16 and 12 ounces of powder, 
passed quite through it, though it was 30^ inches in length 
from front to back; the dimensions of its face were 22 
inches deep, by 17i broad.— The weight at first when hung 
up was 824 lb ; also the distance of its centre of gravity 
below the axis was 79 inches, and it vibrated 400 in 10 * 
minutes.— The diameter of the balls measured from 1*96 to 
1*97, so that the medium is nearly 1*965. — The distance^of 
the gun to day was constantly 30 feet. 

The balls of n^ 1, 3^ 4, 5 wefl(t quite through the pen- 
dulum, and lodged in the bank behind it ; so that the large 
charges were obliged to be discontinued. N^ 19 just came 
out, and n* 22 was picked out again, as it was not far in ; 
so that these, and all those that went through, or that 
rebounded back, are not added to the weight of the pendur 
lum. The balls with/ 8 drams of powder, viz, n?" 22, 23^ 
24, 25, penetrated about 3 inches ; and those with 4 drams, 
viz, 26, 27, 28,29 penetrated about 1 inch, and rebounded 
back tigain, till they fell on the ground at about 12 feet be- 
fore the face of the pendulum, which they struck at about 
the height of 4 feet ; so that they must have rebounded 
from the pendulum with a velodty of about 24 feet per 
second, which of course is deducted from the velocities 
computed from the vibration of the pendulum at those 
numbers. The experiments here follow : 
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9li 


der 


Ball 


Vibr. 
pend 


Point 
struck 

inches 


Plugs 
wt 

oc 


Values of 


Velocity of 


Medi. 
nmt 


P 


i 

inches 


the ball 




oz 


oz .dr 


c 


lb 


feet 


feet 


1 


16 


16 11 


188 




4-0 










2 


12 


9 


170 


89-0 


2-3 


820-0 


79-0 


18S7 




3 


12 


• 11 


163 


89-1 


3'8 










4 


12 


• 12 


141, 


87-8 


2-7 










5 


12 


* 10 


157 


85-5 


3-3 










6 


4 


• 11 


124 


90-1 


2-9 


821-1 


79-0 


1315") 




7 


4 


6 


120 


85-7 


3-9 


822*2 




1365 f 


1346 


8 


4 


• 12 


121 


85-6 


3-2 


823-3 




1350 f 


9 


4 


• 10 


122 


.86-9 


2-9 


824-4 




1353J 




10 


3 


• 12 


108 


87 9 


2-9 


825-5 




1178"1 


« 


11 


3 


• 11 


no 


87-2 


31 


826*6 


79-1 


12151 


1185 


12 


3 


• 9 


113 


j86-l 


3 


827-7 




Dl276( 


J3 


8 


• 9 


106 88-7 


3*3 


828*8 


• 1 1163 J 




14 




• 9 57 89-6 


2 -7 


829-9 


- D 6201 




15 




• 11 


59 


89-1 


2-7 


83M 




.641 J 




16 




' 10 


56 


87-7 


2-1 


832*2 




D 621 f 


645 


n 




• 14 


60 


37-5 


1-3 


833-3 




6581 




18 


12dr 


' 9 


48 


36-1 


1-0 


834*4 




5471 




19 


12 


• 13 


51 


86-5 


2-0 


835-5 




569 I 


546 


20 


12 


• 9 


47 


88*4 


vo 


835-5 




522 ( 


21 


12 


• a 


47 


91*4 


20 


836-6 




D 506 J 




22 


8 


• 12i 


39 


89-8 




837-7 




421"] 




2d 


8 


• 10 


43 


93-7 




837-7 




450 [ 


449 


24 


8 


• 8 


44 


93-1 




838-8 




467 f 


25 


8 


• 9 


43 


93*0 




839-9 


79*2 


457J 


■ 


26 


4 


• 10 


27 


78-9 




841-0 




SIS') 




27 


4 


• 9 


30 


81-8 




84^1-0 




339/ 


309 


28 


4 


• 10 


30 


81-2 




841-0 


' 


340 f 


29 


4 


• 11 30|80-7| 


. 


841-0 


• 1 ^4lJ| 


\ 



The medinm weight among all these balls is 16 oz 10*2 dr. 
The distance of the gun was 30 feet« 
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13l, August 21, 1788 ; frmn 9 tilt 4. 
ftarometer 30*0 } Thermometer 65. Continuatibrt^ 



N«» 


Pow- 
der 

oz' di 


Dist. 
gun 

feet 


Vibra 
pend 

c 


Point 
struck 

inches 


Plugs 
wt 

oz 


Values of 


Velocity 

of the ball 

■ 


IVfedium$ 




P 


g 


lbs 


inches 


feet 

_ 4 


feet 


1 


4 


m 


110 


79-2 


3-9 


838-0 


19 


•2 


1363^ 






2 
3 


4 
4 




116 
118 


87-6 
86-2 


2-6 
4-6 


839-1 
840-2 






1306 r 

1323 ( 


1324 




4 


4 




112 


84-8 


2*6 


841-3 






1301 J 






5 


3 




9e 


86-4 


3-0 


842-4 






1088 D 




t 


6 


3 




94 


84-4 


1-8 


843-5 


' 




1092 D 






7 
8 


3 
3- 


1 


99 
104 


88-9 
92-2 


3-8 
4-5 


844-6 
845 7 






1102? 
1118.5 


1110 




9 


1 




5e 


91-9 


2-5 


846-8 






604 D 






10 


1 




52 


83-6 


2-6 


847-9 






583 D 


J 


1 . 


11 
12 


1 
1 




60 

61 


94-0 
93-8 


2-6 
3-4 


849-0 
850-1 


79 


-3 


634? 
6371 


635 


1 


13 


dr8 




37 


94-1 




851'2 






386 D 






14 


8 




39 


91-9 




852-3 






4i2l1 




1 
1 


1.5 


8 




38 


91-6 




853-4 






414 > 


423 




16 


8 




40 


99-5 




854-5 






433 J 






17 


4 




28 


90-4 




855-6 






2901 






18 
19 


4 
4 




23 
26 


82-7 
85-6 




855-6 
855-6 






D 259 ( 
285 ( 


387 




20 


4 




25 


87-1 




855-6 






t> 269 J 






21 


6 




33 


82-5 




855-6 






400") 


1 


' 


22 


6 




33 


83-6 




856-7 






376 1 


377i 


Y 


23 


6 




31 


83-6 




856-7 






371 I 




24 


6 




31 


84-3 




8^>7-8 






363 J 






25 


40Z 


120 


99 


78- 1 


2-6 


858-9 


79 


»4 


12631 






26 

27 


4 
4 




108 
108 


87-9 
87-9 


3-3 
2-2 


860-0 
8611 






1240 1 
1237 f 


1248 




28 


4 




HI 


•89-5 


30 


862-2 






1250j 






29 


3 




94 


89-7 


3-0 


863-3 






10681 






30 


3 




89 


85-4 


3-3 


864-4 






1058/ 


1072 




31 


3 




91 


87-1 


3-4 


865-5 






1057 f 


*.\J 9 *i 




32 


3 




101 


92-5 





866-6 






1106J 






33 


1 




51 


•84-7 


1-9 


864-3 






6071 






34 


1 




54 


86- 1 


31 


865-4 






628 1 


613 




35 


' 1 




49 


86-9 


2-6 


866-5 






582 ( 




36 


1 




52 


88-5 


2-5 867-7 




603 J 


-*# 





*liAct34. 






W 




Tlie balls at Ji^'t 17, 18, 19, ^ 5Q, fU 5fi, 68, mQitlf 
rdMMtnded a little back.-«-The penetration with 6 drtuna ii 
powder was about Sj. inches.— After die t2d number, S balb 
were caken out of th^ block.— 'N"^ 39 graaed, which rfdiKol 
its veiocity very much.-— The pendulum now being full ^ 
balls, and quite sporled, it was ordered to be ta|ep, down, iMii 
a new one to be prepared. Before takeo dowt*, it vlbratai 
just 46d^ in 10 minntes, or for eapb minute nearly ^OOtt 
« a. When taken down, its centre of grairity meb3urQii 
Tt9*55 inehes below the axis, and k w^ghed 8874 ^^* NoWj 
in the two days^ 



The wt. of the balk J g-, ,» 
lodged was - J ^ 

And tlie wt. of plug? 7^ 

Their tuiD is r -* *1ii 

wtncti laxen Trom • oUTf 

Leaves only - ^^ « 813 

TOL. 1^1. 



11 



But at firsl it wieighed t24 lb 
Therefore it lost in 7 

thf 4 dtys " - 5 
Tbi« to«s is divjded MOony 

aU^ the 4teyf and rounds 

equally. 
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TtlACT .34. 



Vhe in ea t n --wt; of balls was 16 oz 11*05 dr. — The indU 

Tiduals 1, 2 J or 3 drams over or under the mediuln^, as the 

former day. When the block was split up afterwards^ to 

-f et out such balls as might be wholei it was discovered that 

the wood was quite sound, and very tough. 



138. September 1, llSS; from 10 till 2. 
Barometer 29'87 ; Thermometer, 62*. 

« 

The same experiments for the resistance of the air .coh- 
tinued with a new pendulum. It was hung up 3 days before, 
and is 35 inches in length, from front to back. It then . 
weighed 1014 lb; its centre of gravity was 80*8 inches . 
below the axis ; and it vibrated 439 in 11 minutes, or 39*91 
per minute. 
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N** 17 and 22 rebounded jgently; also 21 came out easily, 
and at the sane time took out another* — ^Tiie^aiean penetra« 
tion, with 4 oz of powder^ was .13 inches; with 8 oz^was 
10'9 inches ; with 1 oz was 3*5 i^nches ; with 12 dr was 2*8 
inches ; which penetrations are neairly proportional to the 
cWges of powder. — Took out 2 lb 10 oz of broken baib-ttt 
the end of this day's experiments. — The wood of this new 
pendulum proved to be very green and wet, so much so, 
thajt the water sprang and dropped out very fast, as the 
balls and plugs entered it. The medium weight of the 
balls t^ras IBoz ll*2dr, with small variations, nearly as be- 
fere« 



139^ September 2, 1788, Experiments Conivnuei. 
Barometer 30 ; Thermometer ^S"". 
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J4ft September S, 17iS, Fxperiments Continued. 
Parameter 30 ; Tlxermoioetfr 65*"* 
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^P*' 12 aji4 14 grazedirery lightly befopre they struck tfie 
ppnduluip^ ^n4 ye^texjd^y toql^ out 3 biflls, ris?, vf^ 2>, 9, 
IS.— Afteif the fxperin^^i^s tl|i« dijy^ bath, the front andj 
h^(ik of tlii& penflolutn wece cpTere^. with sheet le^d, ea^h 
pece being in ^ize 22:^ inche^ by 17^ ; and the two toge- 
tl^er weighed 41 lb. — Thp meafi w^ght of thp balls thes^ 
two days^ vuais, 1^ oz 11-^ dr, with sn^^I| variatiQns^ ^s be** 
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14h Sept 4, l788,/r0ns 10 tilt S ; JE^periments Continued. 
Barometer ^9*82 ; Thermoajeter 74*. 
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The ball n"" 1 4 grazed the screesi. At ti^ 12 the ieht of ibe 
gun f>e^an to run or melti indl itas much widened kt the end.* 
^— The la^t three numbers ar4 very doubtful, and evidently 
too small], peillaps owing to the balls striking 6ther balls 
within the block, and Changing their dircctioa tbere. The 
tnean weight of the b^lk ^was 16 oz 10*96 dr.^-*After theio 
Experiments, the pendiilutii oteiilated S9^ in 10 minutet: 
being now ftfUf 6f ballsy afnd much r6nt and shattered, ilt Was 
taken down, to be replaced, and baUnced andl weighed, 
When itft weight was found to be 1 130 lb, shid its eentftf 6f 
gravity was Bl-2 be^bW the axiit.— Thd jMRnM ^f balls. Ait 
had striqk tbip penduliink^ was 74, tni . 



103^ nam e^raiiiMBiiTs 

Their whole weight was - 
Rebounded or took out 91 = 
Wt. of balls remaining 
i Wt. of plugs added - - 
Wt. of lead added - - . 
Whole weight added - -. 
Wt. at first - - - -, . 
Wt. at last - - - , . TTsb 

142. September IS, i788 ; from 10 /iZ/Sf. 
Barometer 30-09 ; Thermometer 60^. 
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.These experiments « irere performed wilh a .How- pepidii- 
luip, of 50 inches in length, ;froih. front to back,: qonwting. 
, of ttfo pieces of elm firiply jointod and boiled together, that 
its length might bear the great charges of 16 oa^f powder. 
It was hung up two days before, when it weighed 12 cwt 
1 qr 5 lb, or 1377 lb, and the distance to its centre of gra- 
vity was 81*3 inches. It oscillated this morning 395 Jn 10 
minutes, or 39-5 per minute, and at jthe end of the experi- 
ments it oscillated the very same ; but its centre of grarity^ 
waiJ now found to be onlyat 81'1, being 0*2 less than b^orc,] 
whereas it ought to have been the Contrary. Itf. this doubt- 
ful case, I ha^ taken 81-2 for the middle, with 0*1^ less for 
the beginning, and 0*1 more fdr the end. — ^Thenumber of 
balls lodged is 30, and their weight is Sl^lb, ^hichis*6n; 
an average at the rate of 16 oz 10'7 dr e^ich ; their mean^ 
diameter 1*96. Now, . . 

Weight of balls lodged . - . Sl^lb^ \ 

Weight of plpgs ... - . 2li . 

Weight of pendulum at first 1377 • 

The sum is ... . - 14294. M 

Weight at the end ... 1413 

The difference i& . - - - . .1^^ ^ 

- This great loss of 16| lb, I am at a l6ss >fotfy to Account.} 
for, especially as there was no loss at all inthe preceding^ 
pendulum. The wood was vety green and wtet to be sure, ^ 
and the pendulum hung up for 3 days before it was veigliNi, 
ed ; besides, some small pieces Aevr out by the stf oke of the 
balls, as well as some of the -facing of sheet lead. So 
that there is reason to suspect an error of a few pounds had 
taken pfa'cife 6n the first weighing. On all these accounts I 
have mad6 the weight at the end of the experiments to 
be 1415 lb, and at the beginning of thlsm 1370.1b, and 
divided the difference,* 45 lb, equalty among the SO rounds. 
The medium weight among all -the balto, ih the 7 days 
'experiments, has been 16oz 10*88dT = H-68o2: Now the 
diameter answering to'thts, found from the proportion of 
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mt i» 62r btfll h^Hi^ 2 iflcbes, or the 9 lb ball b^n^ 4^kJ45h«^ 
is W5 J for 1^5 J vl^'^S :t 2.i V95. Bot^ by measirf^ 
nlertt, w^ cMiimm^y coi^cl^ided the mean diam^tef !<► be 
Ddarlj I^* or l-iej, a very little moVe ot lefts. 

143. September 25, I78d. -dflr^^w. 30 j Therm. ST. 
Experiments with 3 pounder guns. 
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These experknents were made wkh two S-poomier brass 
guns, the one t6ry long, and the othep»hort, fifed alter* 
na^y, irst tb^ ooe apd t\y^ik tthe other, aod each of tb«m 
h<aA wiAh 4 o^ aofd 16 qz of powder ; to find tbc e&ct both 
of hMig^ of gun,^ and weight of |M>wder, The balls* were 
all exactly of an^^iuil weight aad diameteVji via, 



3 lb 1 o:» 4 djt 
9^*84 inches 
6^ inches 
344 ittcbes 
60 feet 



Wc^jfeii Qf balls" ^ .^ -.-.-* . 

Diaoittec of ditto •^ - ^ -^ .. . 

I^aigtboib^re of Io«g gyiii « •.. . 

ilitt*o of sbovt guQ . ^ , ,. i, ^ 

I)Nti9«loe of petfHddlum * ^ *. ^ « 

W<iigbtafpmiduiua» 6 days before ^ 14^6 lb 

OmUm of gravity tbf Dj at - . . i. 8 l-TA ifiehes 
QsjciUMled tb$u S9?i vi.lQ mimrtea 

Wtcof pondnl;ii{n:af^|^ tbeexpet* •» 1462 j-lb^ 

, C#itf;r9 of gravity then at <- * ,^ '^ 92*^9 
And oscillated 396 in 10 minutes. 
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MMtvutf 
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7a 1 1589 



?08 I 1332 

l^eigbt of pendultrrd ti days befo/e . 1 426 lb 
IVeight of balls lodged - *• - - 87 
Weight of plugs -*-..•-- 44 

Sum -.--.•--^-.- 1467f 

Weight of pendulum at the ettA - - U6'/f 
Weight lost in the 6 days - - - - 5 

As the weighty 41^ lb, of the balls and plugs, will onlj 
change the centre of gravity tV inch, some small error must 
have been made in the two measurements of that centre ; I 
have therefore taken a mean between them. — it appears 
that the! veJocitieft, with each, are nearly as the square jroots 
of the charges, but more nearly in the long gun. The long 
gun has the advantage by about -^ in the small charge, aad 
by about \ in the high charge; which advantages are again 
as the velocities, or as the roots of the charges.-^The mean 
penetrations, with the 4 oz changes, are 1\ and 10 inches. 
Of nearly as 2 to 3, which ate nearly as the 4th power of 
the velocities, and also nearly as the square iToots ot tlie 
leiigths of the guns. 

144. It will now be proper to collect a summary of the 
preceding seven days experiments, with the i-pound ballsy 
and the gun n^ 3. Now these experiments have been made 
with the following nine varieties of charges of powder, viz^ 
16o2, 12 oz, 4rox, 8 oz, lo2i, I2dr, 8dr, 6dr, 4dr; the 
charges of 8 02 and 9, 02^ having been cymitted this year, as. 
these were pretty amply made in tbe preceding yeio: 1787. 
The mediuofr velocities,, for each of these charges, with 
wbicbtbe balls struek.tbe pendulum^ placed at the several 
distances of 30, 60,' 120,; 180,240^ 34)0, 860 feet, when col* 
lected and ranged in columns under their several charges^ 
and on the lines of their respective difstances,., will be ashert 
exhibited in the following table. 
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Table of Experimented Medium Velocities. 



Dists. 
feet 


\Ao% 


13 oz 


.4ok 


3 oz 


1 oz 


ISdr 


8dr 


6.dr 


4dr 


30 


2088 


1837 


1346/ 


1185 


645 


546 


449 


\ 


309 


60 


1974 




1324 


1110 


635 


544 


423 


378 


^87 


120 


1896 


. 


1?48 


1072 


613 


523 


419^ 


356 


277 


180 


1781 




1182 


1053 


612 


518 


407 


359 




240 


17 17 




1129 


1008 


602 


' ^ 




• 




300 


1648 


1572 


1077 


956 




- 








360 


15S2 


1492 


10.34. 


936 




. 




«# 



Now, there being evidently, and indeed unavoidably, • 
certain small irregularities among these nambers, in each 
cdunin, by making among them some small corrections, by 
adding or subtracting, as the terms may appear to Vary from 
a general law of progression ; and also reducing the series 
to commence at O instead of 30 feet, that the distances may 
all huve the same common difference 60 % then the more 
regular mediums will be as below : 



Table of the Regular Mean Velocities. 



DitU 


,16 oz 


12 oz 


4oz j .3 oz 


foz 


.12dr 8.dr f 6 dr 1 4 dr i 





2100 


1984 


1360 


1203 


662 


557 450 


13021 


GO 


' 2005 




1300 


1151 


641 


543 


437 


381 


292 


120 


'1914 




1243 


1102 


622 


530 


425 


370 


283 


180 


1827 




1189 


1056 


606 


518 


414 


360 


, 


240 


1744 




1138 


1013 


590 










300 


1665 


1569 


1090 


973 1 










360 


1590 


1499 


1045 936 1 1 


« 









Then by applyitig the theorem in Art. 13 U viz. r =s: 
^* ^ iiio*' ^"^ resistances, to these numbers, we shall 
obtain the following table of resistances, in ounces, to the 
corresponding annexed velocities in feet, as derived from 
the preceding experiments with the several charges of pow- 
der, viz, 16 oz, 8 oz, 4oz, 2oz, 1 oz, 12 dr, 8 dr, 6 dr 
4.dr, reduced and adapted to a ball of 2 inches diameter 
and to 30 inches of the barometer. 
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Velocity /Resist 



1 ftet 
f 287 
o- 297 






a» 365 
376 



•1 



22 
25 



Difls. 



8 



2Dlffs 



32 
36 



420 

2 432 

444 



^ 524 
" 550 



40 
45 
51 



5 

6 



.55 
61 
67 



6 
6 



598 
- 614 
§ 632 

652 



78 

91 
105 
120 



13 
14 
15 



» 7 



o 

M 



738 
763 
790 
819 
850 
883 



160 
176 
194 
214 
236 
261 



955 

993 

«^1035 

§1079 

1127 

1177! 



306 
344 
386 
431 
480 
532 



16 
16 
20 
22 

25 



381 

42 

45 

49 

52 



1068 
1114 
«-1164 
S1216 
1272 
1330 



1278 



1336 677 



l»1396 

Sl460 

1528 

1600 



418 
465 
516 
571 
630 
693 



47 
51 
55 
59 

63 



609 



V53 

837 

929 

1030 



1627 

.1705 

511786 

8 1872 

• 1960 

2053 



1060 
1170 
1288 
U15 
1550 
1694 



68 
76 
84 
92 
101 



110 
118 
127 
145 
134 







1 
1 



2 
2 
2 
3 



4 
3 
4 
3 



4 
4 
4 
4 



8 

.8 
8 
9 



8 
9 
8 
9 



} 



These niinAers, though not per- 
fectly regular, must at least be 
very nfear the truth, as appears by 
the uniformity of the two orders 
of differences, which are quite suf^ 
ficiently regular, in each series of 
the numbers with the same charge 
of powder, and leaving only some 
doubt about the point of unifor- 
mity in passing from the series 
with one charge to that for the 
next charge ; which doubt will be 
cleared up, and the deviations from' 
regularity corrected afterwards, 
wjien we come to construct the 
cuiVe of resistance, from the num- 
bers furnished by this table. The 
number of these terms might have 
been greatly .multiplied, by tak« 
ing majiy intermediate terms, and 
tbenoe computing the resistances^ 
at much smaller intervals of velo- 
cities ; but the annexed number 
will be found quite sufficient, be- 
ing every one of those computed 
for the medium velocities .at the 
.middle of every 60 feet of distance, 
between the successive intervals 0, 
60, 120, 180, 240, 300, 860. . 

It was not found practicable to 
carry on the experiments at dis- 
tances beyond the 360 feet, on ac- 
count of the uncertainty of hitting 
the pendulum properly so far off, 
very many of the balls missing enr 
tirely, or striking it towards the 
edges, there breaking the iron 
bands, and (lemolishing the appa^ 
ratus. Neither was it practicable 
to employ, in this way, less 
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charges than that of 4 drains of powder ; because wMi, a 
less velocity, the balls would not lodge in the wood, ^ but 
made a small perforation, and rebounded black again. Ho^-* 
ever, the resistances to all the smaller velboities we shall Bid 
afterwards able to supply, from th^ exfieriments that we 
' have made with Mr. Kobins's Whirling Mathilie, hereafter 
to be related ; by which means we shall find the two kinds 
of experiments uniting, and formiiig between them one 
general and uniform series. Besides the few siliall ir)regu-i^ 
larities above mentioned, some slight detiation from |»er- 
feet .accuracy may possibly arise from employing for the 

velocity w, in the theorem r = f^^f the mean between 
the extremes, or first and last velocities, dt every 60 feelt 
distance, for the constant velocity on which th^ resistanM 
is made, as due to that velocit];^' 

■ 145. But How to examine tvhat degree of a^t)rdach td 
ujiifbrmity the foregoing series at resistanci^ pos^esses^ let 
1Q6 construct the curve^ Called the CurV'e of Itesistsmce^ 
taking for the abscisses, the numbers denoting the resistances^ 
sind for the ordinates the correspondent Veloctticte. Thus^ 
in plate 2^ draw the two indefinite lines ab, ac, perpelidi-» 
eular to each other. From anjr scale of equal parts, set 
off from ▲, upon ab, the series of velocities of the first 
column, increasing from the top or smallesti to the bottonl 
Or largest* In Jike manner, set the correspondent resistances 
upon the line AC downwards. Then from every pair of 
these terminating points, draw lines parallel to as and ac^ 
and the intersections of these Will be so diany points in the 
curve of resistance ; through which the curt<j nhay be drawri 
with a steady hand, or by a thin pliant slip of card papel 
bent round by the points ; then the regular curve is ^sd 
easily drawn, as is here represented hy the continiied black 
curve line ad, from which the experifHented tuvre dif-i 
fers only in two or three parts, by the smallest percepti^ 
ble variations. 

Now, from this regular curve, bj*' m e a^ u reta enty we can 
easily dedotie a more accurate series of ntitribers, fof thd 
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resistances^ than the experimented one, adapted to any uni«> 
form series of velocities. Thus, to adapt a series of resist- 
ances to a series of velocities for ev^ry IQO or every 50 feet of 
difference : dividing the line ab into equal spaces of 50 feet, 
and from the points of division drawing lines parallel to ac, 
CBtting the curve in as many points b j^ then the perpendi- 
cular distance of these points e, from the* line ab, will be 
the correspondent resistance ef ; or drawing eo parallel to 
AM, then AO will be equal to the same resistance, due to 

the velocity ap or OE. Thus, 



Velocity 



feet 

mo 

4oa 

600 
700 
800 
900 
kOOQ 

1200 
1300 
140O 
1500. 

1100 
1800 
1900 

tooo 



Resist. 



Diffs. 



J ■■ 



oz 

25*8 
46*5 
74*4 
110-$ 
156-0 
2120 
280-3 
3*2-0 
456-9 
564-4 
683-3 
811-5 

iOS&9 
1228*4 
1368-6 
1505-7 
1637-8 



2 Diffs 



I 



by a nice measurement, and 
altering tberiumbershere-and- 
therc by only a unit or two, 
is obtained the annexed table 
of resistances, for a ball of 2 
inches diameter, on every 
100 feet of velocity, from 300 
to 2000 feet velocity. 

Fi^om this table, the resist- 
ance due to any giveh velo- 
city, or the velocity due to 
any given resistance, may 
easily be derived j either by 
inspection or interpolation, as 
wett for any other ball, as for 
this ball, of 2 inches dia- 
Hieter, by stating the resist- 
ance to be as the square of 
the ball's diameter, as it is 
neacfy. Many other properties and uses may be derived 
ft«i fchia canre and table of experiments, which it will be 
more proper to advert to after the remaining experiments 
fa»^beeQ stated. 



20*7 
27-9 
S€'l 
4**5 

56-a 

68-3 
81-7 
94'9 
107'6 
118^ 
128-8 
13^-6 
139-8 
141*5 
HO'2 

*324 



7^ 

S-2 

9-4 

10-51 

12-3 

13-4 

11-4 
9-3 
7-4 
4-2 

I'lf; 
B- 1-3 \ 

-3-1 
-5-0 



^wm^^ mm m ■ »*\ 
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T OF THE EXPERIMENTS IN 1789 

146. The experiments projected for this year, were of 
various kinds, i|irith cannon and mprtars, both with the bal-* 
listic pendulum, and discharged at elevations for the ranges* 

The few S-pound balls that were discharged at the ballis- 
tic pendulumi at the conclusion of the last year's experi- 
ments, gave reason to hope that the pendulum might be 
able to bear that size of balls, and that, by enlarging its 
dimensions, it might even bear the shock of balls of a still 
larger size: it was therefore resolved, that the experiments 
of 1789 be prosecuted with balls of 3 lb weight and up- 
wards. Accordingly two very large pendulum^ blocks were 
prepared, and a proportionally strong apparatus of iron to 
bind each firmfy together, and to suspend it, the' whole 
amounting to almost a ton weight. 

Two guns were also prepared, a long and a short 3- 
pounder, of exactly the same calibre, and the bottom of the 
bores also alike, being both a hemispherical cavity. The 
diameter of each bore was 2*94* inches, the length of the 
longer being 69^ inches, and of the shorter' 40 inches. 

The chief object was to obtain the measure of the air's 
resistance, which it was proposed to determine by discharge 
ing the balls at the pendulum from di&rent distances, ob- 
serving how much velocity was lost by moving through so 
many feet of air, and also by projecting them at elevations, to 
fall in the river for the corresponding ranges. Several other 
collatjtiral objects were also attended to in the progress of the 
experiments. 

The states of the barometer and thermometer were taken 
every day, as usual, to judge of the effects of the weather 
on the powder, and on the resistance of the air to the balls* . 
The powder, in the experiments, was pu| into thin flannel 
cartridges as usual ; and it was first proved every day by 
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my new eprourette, which is so correct as to show any yery 
minute differences in its strength. 

« 

147. October 13 and 14, 17§9. 

Employed these two days in weighing, measuring, balanc'- 
ing, and suspending the first new pendulum. It was of 
sound, dry elm ; and it$ dimensions were, 54 inches in length 
from front to back, and the face or end. 24 inches deep, by 
18 inches broad : the balls to be fired as usual in at the ends, 
in the direction of the fibres, first one end, and then the 
other. Its weight, with the spear, was 1655 lb ; the centre 
of gravity at 77 'S inches below the middle of the axis of 
suspension. And it oscillated, in small arcs, 399 times in 
10 minutes} which gives w = 39*9 or 40 nearly. 

148. October 19^ nS9. Cbudy air. 

4 

Barometer 29*64 ; Thermometer. — 

Fired ody 6 rounds this day, viz, 3 with each gun, first 
the short. gun, and then the long one ; the muzzle of each 
being at 30 feet distance from the face of the pendulum! 
Every charge of powder was 16 oz; the weight of every 
ball was 2 lb 45 oz, and their diameter 2*78 inches. * 



!• 



N« 



1 

2 
3 

4 
5 
€ 



Vibr. 
p«nd 



c 
184 
181 
178 
212 
200 
201 



Point 
struck 



inches 
91-0 
89-4 
86-3 
89-7 
86-9 
85-7 



Plugs 
wt 



02 

10 
10 

7 

5 

4i 



Penet 
ball 



inches 
23'6 



29-3 



Values of 



lb 

1655 
58 

' 60 
63 
66 
69 



VelQc. 
Mediums 



mtm i 




1584 



112 
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149. Oc/. 20, IT89. Fine weather. 

Barometer 29*82. 

The first 3 rounds this day were made with the short gun, 
firmly blocked up behind, to prevent its recoil entirely, to 
tty if that would make any difierence in the velocity. The 
remainder were made with the long gun, at different dis- 
tances. And in all other experiments the gun was permit- 
ted to recoil. Three trials with the eprouvette gave seve- 
riUy 30, 35, 32, the medium of which is S2j.. These were 
three discharges with my new eprouvette, (to be described 
afterwards) used here and in the following escperiments, to 
aJiow the upiformity of the powder, 2 oz being fired each 
time, put into flannel bags, at least till otherwise noticed. 
The divisions are fr6m the scale of chords, marked xelocityy 
which shows the proportional strength of the powder, when 
fired without a ball. The balls, in all the fifteen rounds, the 
same as before, viz. weight 2!b 15oz, and 2*78 inches diame- 
ter on a itiedium ; the charge of powder always 16 oz. 






I 



N* 



1 
2 
3 
* 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15| • 



Dist 
pend. 



feet 
30 



80 



ISO 



180 



230 



Vibr 
pend 



1 



struck 



c 

165 
179 
174 
182 
168 
196 
186 
189 
g02 
186 
188 
183 
176 
165 
178 



Point Wt 






inches 
83-2 
87-9 

f 89-4 
80-7 
78-9 
91-9 
83*2 
88-0 
94-3 
90-0 
90-7 
89-Q 
86-5 
83-2 
88-5 



Pl«g 



oz 
7 
5 
8 
7 
4 
6 
8 
7 
9 
8 
8 
8 
7 
7 
8 



P*»netr 
Ball 



inches 

30-3 



30-5 
29-5 

2T0 



Va)«€iior 



lb 

1671 
74 
77 
79 
82 
85 
87 
90 
93 

96 

98 

1701 

4 

6 



s 



Velocit 
aaediui] 



inches 

77-4 
•5 
•5 
•5 
•5 
•5 
•6 
•6 

•« 

•6 

•7 

•7 

.•7 

•7 



feet 
1353 

14^0 




1422 
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iSO. October 21 y 11S9. Fineweathen 

Barometer 39*55. Long Gun. 

Eprouvette 30, 32, 35, medium 32^. The powder in 
bags. The charge 16 oz. The balls the same as before. 



1 
2 
3 

■ 4 
5 

'6 
7J 


Dist 
pefid 


Vibmt 
pend 


Point 
struck 


Wt 
plug 


Penetr 
ball 

grazed 


Values of 


Veloc 
mediums 


P 


S 


feet 

330 

• 

• 
« 

430 

• 

• 


c 
159 
165 D 
174 
158 
168 
154 
172 


inches 

84-0 
93-0 
92 5 
84-6 
94-9 
$S'6 
96 31 


oz 

9 
9 
9 
9 

7 ■ 
8 
9 1 

1 


lb 
1712 
15 
17 
20 
23 
25 
28 


inches 

77-8 
•8 
•8 
•8 
•8 
•9 
•9 


feet 

1 

Vl3$0 
>1227 

) u 



151. Ociober 22, 1789^ Cold and Clean 
Barometer 29 97 ; Thermometer 58* 

The long gun. Meciium of eprouvette 30 j powder in bags; 
Charge of powder 8 oz, and balls as before. 



N« 


Dist 
pcod 




feet 


1 


30 


2 


• 


3 


« 


4 


80 


5 


• 


6 


• 


7 


130 


8 


• 


9 


• 


10 


180 


ii 


• 


112 


• 



Vibrat 
pend 

c 

133 
135 
132 
124 
127 
138 
135 
140 
128 
119 
121 
128 






Point 

struck 



Wt 
plug 



inches 
86-2 i 
89-5 
86-3 
83-7 
85-8 
89-3 
92*8 
97-0 
89-1 
84-9 
82-8 
88-3 



oz 

4 

4 

5 

6 

4 

5 

5 

5 

6 

5 

4 

5 



Penetr 
ball 



inches 
16-0 



15-8 



Values of. 



)b 
1731 

34 

36 

39 

42 I 

44 

47 

50 

52. 

55 

5S 

61 



e 

inches 

77-9 
•9 
•9 

78-0 
•0 
•0 
^0 

•1 
•1 
•1 

•V 
•1 



Veloc 
imedimns 



feet 
1062 

1043 
1016 



>^|Mi 
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152. October 23, 1789. Fine weather. 

Barom. 30 ; Thermom. 5S. 

Long gun. Medium of eprouvette 30&, with the powder 
in bags. The charge of powder 8 oz. Balls wt 2lb 15oz, 
diameter 2*78. 



N* 



1 
2 
3 
4 
5 
6 
7 
8 



Dist 
pend 



feet 
230 



330 



430 



Vibra 
pend 



c 

115 
112 
105 
110 
107 
104 
110 
102 
102 



Point 
struck 



inches 

83-5 
83-8 
78-5 
S6'6 
85-2 
77-6 
87-8 
84-3 
82-3 



Wt 
plug 



oz 
5 
4 
4 
4 
4 
7 
5 
4 
9 



J. 



Penetr 
bail 



inches 

16-5 
15-4 



'Values of 



lb 

1763 
66 \ 
69 
71 
74 
77 
80 
82 
85 



inches 

78-2 
•2 
•2 
•2 
•2 

•s 

•3 
•3 
•3 



Veloc 
mediums 



feet 



960 



924 



902 



153. October 2Sy continued. 

The following rounds were made with a 6-pounder gun. 
The ball's diameter- 3*48, and weight 5lb 13oz; gun^s dis- 
tance 80 feet. 



N*> 


Pow- 
der 


Vibra 
pend 


Point 
struck 


Wt 

plug 


Values of ' 


Veloc 
mediums 


P 


s 




oz 


c 


inches 


oz 


lb 


inches 


leel 


1 


8 


157 


86-6 




1788 


78-4 


|703 


2 


• 


169 


88-4 


7 


93 


•4 


3 


• 


138 


87-6 




99 


•4 


) 


4 


16 


201 


85-9 




1804 


•,^ 


>990 


5 


• 


260 


94-8 


9 


09 


•5 


S 


6 


. 


262 


92-8 


9 


15 


•6 


) 


7 


24 


295 


90-3 


9 


20 


•6 


M222 


8 


• 


290 


94-0 


9 


26 


•7 


3 
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154. October 26, 28, 1789. ' . 

T^ie pendulum now oscillated 401 times in 10 minutes, 
.t^rhich gives tlie valilQ of » =3 40*1, or nearly 40. iBeing 
quite spoiled, it was taken down^ and found to weigh 183 lib. 
Now, the i 

lb oz 

Wt of balls lodged IS 191 11 I ISJIllb weight now, ' 
Wt of plugs ditto 21 14 \ leS^Slb weight at first 

Wt of pend* at first 1655 



The sum is -/ 1868 9 

Wt now found, only 1 83 1 

II »•• 

Thereof lost by eva-7 ^ 
poration and splinters 3 



65 ) ne ( 2*1 is the mean in-' 
crease of weight to be added 
for every I'ound with thfe 3- 
pounder, and double the $ame 
with the 6*pounder, tci give 
the several values of p. 



Now, for the values of ^ : because il9d5*3 is the ^un^ cjf the 
distances of the points struck by the halls, below the pi^s, 
and 65 the number of them, counting the (S-^'pbuiiders tWice ; 
therefore 

65 ) 5985^3 '( 92*]'^giv)es the mean point struckV 

and '17'3* iis the centre o£ gravity at first ' 

' ' 1 . • •< . r J » ... 

tberef. 18SI : ll6 : : W8 ; 1*4 change irjutbp centre of.gra* 

vity 77:3 jits place at first 



,1 » 



78*7 the new place of ditto. 



\' . 



■ • ■ 

Also 65 ) 1*4 ( '02154 is the mteh chai^ge in the value of g 
for every 3-pound ball, and double the same number for each 
6-pound ball. 

From theiife data, the several values of p^ g^ &c, being 
made o»t, and the medium velcoities computed, these sind 
the mediums of the balls, 8cc> vfiA be as in the following 
table. 



i^ - 



li« 
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" ■ B.ri'.'- " 


iVelocities all reduced 
V«l0f . to « tMdl of 51b wt. and 




|uw X^Bov 




« 






— 


gun 


der 
oz 


diam 


wt , 


^al» b'78diam.&bapom.30. 




leet 


inched 


lb 


feet 


feet 


> 


1 


3d 


16 


2'-78 


2*938 


1371 


1357 ? 

1339 J »^^^'2"° 


1 


i2 


30 




• 


2-P38 


1353 




3 


30 


r 


• 


2-938 


1584 


l568-\ 
1473 ) 




4 


80 




• 


2-933 


1490 




5, 


ISO 




2-19 

- 


2-958 


1437 


1471 


, 




6 


180, 




8-78 


£'953 , 


1422 


1410 






7 


230 


• i 


• 


2-964 


1393 


1384 


1 


^ 


8 


330 


1 


■ 


2'922 


133d- 


1310 


« 




9 


430 


■•" 


• 


2-984 


1227 


D1219 


) long gun 


. •• 


10 


30 


8 


•• 


3-000 


1062 


1061 






11 


80 


» 


• 


3-000 


104Si 


1046 


• 


>." 


12 


130 


• J 


.• 


8-000 


W\€ 


1015 




• . 


15 


180 




• 


3-000 


1016 


1015 






14 


230 


( 


• 


3-000 


960 


9W 


i 




15 


330 


I 


• 


2-985 


S24 


922 y 




16 


430 




• 


2-953 


902 


895 


i '■ 

5 ' ■ 


17 


80 


8 '■ 


3-59 


5-823 


703 


I 


. ' . . 


la 80 ! 16 


^50 


5-854 


990 


f €H>oaiidex 


:?J. 


19 . 80. 34 


3*475 5-750. 


12^2 


s 



£tere tfae TeloeiliMi at^ induced, m tbe 1^ column, to 
"what Afijr would hav0j)M»^><had the i)«iinneter been always 
30 inches, and if the balls had been ^1 of just 3lb weight, by 
diminishing tfietti according to the inverse ratio of the square 
roots of the weights, and cf the diaineters of the balls. 



Some Experiments with the Gun, and some Mortars j discharge 
; -\ ed 4t Eimations depn ^he Sw0r, io^d the Ranges. 

T f 

155. October 26. 

TwQ-ivon tiuBf tinrs, lof 8* and 10^ ij^iebes, were fired^ both 
ftrith shells and saltd.baJk, lib^r £aU i& the water being ob- 
acrred from the <$pp^$sk^ «id9#9 . ^MiUi tfM> iheodolites, by 
lieutenants Wm. Mudge and Wm. Dixon. 

Diameter of smaller bore 7*875, 
Ditto of larger » • . 9*875. 
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N^ 


Mor- 
tar 

inches 


Eleva- 
•tion 


Pow- 
der 

lb oz 


Ball or Shell 


Time 
flight 


Range 


A^ 


diam 


'wt 


ioebes 


lb 


sec 


yaidf 


1 


.8 


eo** 


2 4| 


7-69 


64} 


25 


1500 


2 


8 




• • 


7-68 


63^ 


24 


1400 


3 


8 




• • 


7-69 


48 


264 


1675 


4 


8 




• • 


7-68 


48 


27 


1625 


5 


10 




4> 8 


9-74 


129 


25i 


1850 


6 


10 




• • 


9-74 


127i 


25i 


1635 


7 


IQ 




• • 9-74 


96 


27 


mo 


B 


10 




• • 9-74 96 [ 


[ 2075 



{ 



1 



Sotid btlla 

9 

Shells 
Sofid balls 
ShelU 



156. October 21, 1789. Barometer 30. 
The long 3-poiinder Gun. 







/ 












1 


NO 


BlfBva- 
tion 


Pow- 


Ball'i 


Time 


Range 


Angle 
of fall 




dcir "■ 


wt 


diam 






n 


> oz 


inches 


lec 


yards 


n 


1 


45° 


8 S 


I 15 


2-78 




2420 


^ 




8 • 


> « 




. 




24(/0 




3 


• • 


8 


1 




• 




3270 


1 


4 




4 • 


• 




. n 




S160 




5 




4 


> « 




2-70 


23 




2 


6 




2 


> « 




« 


16 


1290 




7 




4 


» 




2*78 


224- 


1950 


r 


8 


30 


8 


p 


i 


• 


22 


2560 




9 


20 


8 


» . 


• 


12 


JQOO 


^ 



157. October 28, 1789. 
The 3-pounder gun continued. 



N«» 


Eleva- 


Pow- 
der 


Ball's 


Time 


Ranj^e 


Angle 
of fall 


tion 


wt i diam 

1 
1 








lb oz 


inches 


sec 


yards 




1 


45^ 


8 


8 


2' 


'78 




2450 




2 




• 










2420 




3 




• 










. 2S30 




4 




• 










2220 




5 




16 


^ . 








2640 


er 


6 


/ 


. 










2720 




7 • . 


• 


2 Uf 






2^0 


. 


8 • 


. 


• • 


1 






2840 


«if 


9 • 1 24 


2 15^^ • 




2640 





lis 
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t 


Oct. 2S. TheB-inch 
Mortar. 

The Charge 24 oz. 


Nov. 10. The S'inch 

Mortar. 
Charge 32oz. Ele- 
vation 45^ 


Nov: 10. 3-/A 
Gun. 

FJevation 75°. 




N« 


Kl.-vaf Fall. 

1 I 


Range 
yards 

1900 
2200 
1700 


N*' 


Range 


« 
^ 

t 


1 
2 
3 
4 
5 

6 

in 

8 


I'owdti- 


Kange 


l» 


1 

2 

3 


35 
55 


53^ 

51 

614 


1 

2 
3 
4 
5 

6 
7 
8 


yards 

1920 
2020 
2120 
1960 
2120 
1930 
20^0 
2080 


oz 
8 

8 

•• 

• 

24 

• 

• 


yards 

1920 

2050 

1890 

2070 

1270 

1870 

2300 

1740 



THE PENDULUM EXPERIMENTS RESUMED. 

159. Nov, 14, 1789, 

A second new pendulum haying beep prepared, it was this 
day weighed, measured, balanced, &c, as below. 

Dimensions: Jength 50|. inches, breadth 18j^, depth 23^, 
Its weight 17481b; its centre of gravity on the first end at 
79|:, at the second end 79-3. When hung up, and oscillated, 
it vibrated 397 in 10 minutes ; which gives 71;= 39*7. 



160... November 16, 

Barometer 29*4 ; Thermometer 51. 

The following ^balls were discharged at the pendulum, 
from diflferent distances, for the resistance of the air, the 
first 10 from the long 6-pounder gun, jthe latter 7 from a 
4-pounder ; the former with our usual powder, 2 oz of which 
gave a medium of 36^ on my eprouvette ; and the latter 7 
with a stronger powder, which gave a medium of ?8| on 
the same eprouvette, as here below. 
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XPROUYETTE. 



Old powder. 




mean. 



New powder. 

38 

SS-J-J-SS^ mean, 

38- 



The powder was put in the eprouvette loose, or without 
-a bag, only set up neatly in the bottom of the. bore 5 a^d it 
is remarkable, not only how much more uniformly it now 
acts, but also much more strongly, in the ratio qf 36 to 30 
or 31. The same method of charging the eprouvette is in- 
tended to be always practised in future. The diameter of 
the 3lb balls 2'78^ of the 4lbs were 3*09 inches. Chatge of 
powder with the 3lb gun was ^4-02 ; with the 4lb it was 2l| 
ounces. 



N* 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 



Dist 
g\in 



feet 
30 



80 



130 



90 



Ball's 
wt 



lb 02 

3 



4 li 



Vibr. 


Point 


pend 


strack 


e 


inches 


215 


89-3 


217 


90-7 


220 


91-0 


214 


89^-8 


211 


90-7 


195 


91-6 


214 


90*2 


192 


84-2 


203 


91-0 


190 


88-7 


187D 


79-5 


113d 


79-5 


134D 


90-0 


212 


89-0 


231 


90-8 


218 


94-6 


203 


90 8 



Velocity 
)f the ball 



Velocity 
reduced 




}20 
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161. Nffpember l7» Three-pounder continued. 

Barometer 29*96 ; Thermometer 51. 

Powder 24 ounces. 



N» 



1 
2 
S 
4 

5 

6 
7 

9 
10 
11 
12 
13 
14 
15 

ii 



Dlst. 



feet 

iso 



230 



330 



430 



Ball's 
wt 



lb oz 
3 



2 15i 



2 15 



Vibr. 
pend 



c 
203 
189 
188 
171 
187 
183d 
185 
132d 
168d 
118d 
184 
169 
165 
169 
164 
141 



Point 
struck 



inches 
91-5 
91*5 
87-3 
79-7 
89-6 
93-3 
91^5 
90-3 
91-2 
88-1 
90-4 
84-5 
85-8 
95-4 
96-4 
82*8 



Plugs 

wt 



oz, 

5 

6 

10 

9 

10 

10 

10 

5 

9 

10 

5 

8 

9 

10 

10 

10 



Values of 



lb 

1795 

98 

1801 

3 

6 

9 

12 

15 

17 

20 

23 

26 

28 

31 

34 

37 



s 



, Velocity 
of ball 



inches 

5 

6 
6 
6 
6 

6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 



feet 



1586 



1550 



grazed 



1520 



1323 

grazed! 



Vel©c 
reduced 



feet 



1578 



1546 



1498 



1300 



Eprpurette, 35|., 364:, 36|., the medium 36j.. 
The last coIUmn contain^ the velocities reduced to what 
they would be for a 3lb ball, with the barometer at 30, and 
l^e powder at 36 of the eprouvette. 
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162. November 18, 1789. The same continued. 
Barometer 29*3S ; Thermometer 48. 



k30 



DUt, 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 

27 

2S 

29 

30 



feet 
30 



80 



130 



Pow- 
der 



180 



230 



30 



80 



130 



180 



230 



oz 
4 



12 



Vibra 
pend 



Point 
8track 



Plars 
wt 



Values of 



Velocity I Veloc, 
of tbe M) {reduced 




Here the baUs vrere 2^78 inches diameter; the first two 
weighed 2lb 15oz, tbe next 13 weighed each 2lb 14|oz, 
jind all after £lb 144.0Z. Tbe three trials of the powder in 
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the eptouvette gave 35, 35|, 35^ the medium 35-1, each 
2 oz ; 4 oz gave 84|. At the 25th shot a large iron band 
was broken and fell off from the lower part of the pendulum, 
weighing 52lb, which was deducted in the following values 
of p and g. In the last column the velocities are reduced to 
the state of the barometer 30, the ball 3lb, and the eprou- 
vette36. 

163. November 19, 1789. The same continued. 
Barometer 29*50 ; Thermometer 46. 



N<» 


Dist 
gun 


Pow- 
der 


Vibr 


Point 


Plugs 
wt 


Values of 


Velocity 
of ball 


Veloq ■ 
reduced 


pend 


struck 


P 


g 


feet 


oz 


c 


inches 


oz 


lb 


inches 


feet" 


feet 


1 


330 


12 


131 


94-7 


9 


1876 


80-0 1 


« 


2 


• 


• 


125 


91-4 


9 


79 


[ni9 


1105 


3 


• 


• 


120 


86*0 


10 


82 


J 


% 


4 


430 


• 


84D 


87'9 


3 


84 


grazed 


■ 



After discharging many more balls from this last distance, 
without striking the pendjulum, but always grazing or strik- 
ing the screen of timber, the further attempts were declined. 
The balls used to-day weighed only 2lb 14oz. The powder 
by the eprouvette 35, 35^, 35|, the medium 35-4. 

The same 3-pounder gun was 
fired, with 4 oz of powder, at 30 
feet from the pendulum, with the 
ball laid, in the bore, at different 
distances from the muzzle, the 
powder being at the bottom, to 
find the loss of velocity. The 
weight of each ball 2\h 15oz, and 
the diameter 2*78 inches. The an- 
nexed tablet shows the chief cir- 
cumstances; the velocities will be 
nearly in the ratio of the numbers 
in the 4th column divided by those 



N*» 


Ball 

from 

muzzle 


Point 
struck 

inches 


Vibr 
pend 

c 


Plugs 

wt 


inches 


oz 


1 


64| 


90- 


76 


10 


2 


59|. 


90' 


69' 


7 


3 


53| 


90 


67 


6 


4 


4U 


90' 


62 


5 


5 


*H 


88-6 


59 


3 


6 


35i 


90 


55 


3 


7 


29| 


88-5 


46 




8 


231 


90 


43 


• * 


9 


Hi 


90 


40 




10 


IH 


90 


34 




U 


fi3 


81 


18 




12 





76 


13 
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in the third, or indeed nearly as the former numbers only, as 
the latter are nearly equal. The 10th and 12th balls re- 
bounded back again from the pendulum. 

When the broken off iron band was restored to its place 
again, the pendulum oscillated 3972- times in 10 minutes, 
which gives nzz39^f nearly the same as at first. 

164. November 20. 

Weighed the pendulum, and balanced it, for the centre 
of gravity. Its weight was found 19761b. The centre of 
gravity measured 80*3, which at the beginning was 79*3, the 
change being 1 inch, which is equally distributed among all 
the numbers, but reduced by -^ after the iron baud broke 
oS. On the whole it appears that, 



Wt of balls lodged' S46lb 
Pliigs ditto . . 34i 



III J 



Sum of both 280i 

Wt at first 1748 

Sum 2028 

Wt at the end 1976 



Lost by evapora- ") « 
tion and splinters 5 



The sum of all the points stru6k 
6154, divided by the number of 
them 69, gives , . : . 89*2 
Cent, of gravity at first . 79*3 
the difference of these is 9*9 

Then, as 1976 : 228 : : 9*9 : VI 
the computed change in the cen- 
tre of gravity, being very nearly 
the same as it measured. 
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A Synopm of the two Sets of Experiments with the Long 

Three^poutider Gun this year. 

165. Experimented Velocities ivith various Charges and 
Distances. The ball 3lb wt» and diam. 2*78 inches, 

Barom. 30 ; and Powder 36. 

Many of these num- 
bers, it is evident, are 
irregular, vfUcb I sus- 
pect is chiefly owing 
to putting the powi^ 
der into cartridges or 
bags. So that I think 
it would be advisable 
to try some experiments hereafter with the powder neatly 
put in loose, as I have found the benefit of that method in 
charging my new eprouvettc, which acts much more regu- 
larly, since putting the powder in after that manner. 

166. By omitting the three numbers on the last line, op- 
posite to the distance 430, as the most doubtful of any, and 
making some small alterations in some of the numbers, at the 
same time interpolating another number in each column be* 
tween the numbers for 230 and 380, the series of numbers 
will then run pretty regular, as will appear by their differ^ 
ences in small figures, in the following table. 











1 


Dists. 


24 oz 


16 oz 


12 oz 
129] 


Soz 


4 oz 


30 


1722 


1568 


1061 


670 


80 


1695 


1473 


1243 


1048 


669 


130 


1604 


1471 


1222 


1015 


650 


180 


1578 


1410 


1211 


1015 


641 


230. 


1546 


1384 


1200 


960 


652 


330 


1498 1310 


1105 


922 




430 


1300 1219 




895 





TABLE OF REGULAR VELOCITIES. 



Dist 


24 oz 


16 bz 


13 oz 


Boz 


4oz 


30 
80 
130 
180 
230 
280 
330 


1730 

1688^ 

1636JJ 

1 92** 

1550^ 

1510^ 

1471^* 


1555^j 

1*74*° 
1436 '^ 
1399^' 
1364 JJ 
1330 * 


1290 

'259- 
1229^^ 

'200 28 
1172^ 

1119**' 


1060^, 
1036 ^* 
1012 f* 

^^^ 23 
^^S2 

944*^ 
922^^ 


680, J 

If. '" 

649 '" 
640 ' 
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167. Taking then the me- 
diuuM between erery tsto of 
these velocities, for each charge 
of powder, place them in the 
first column of the annexed 
table; after which, in the 2d 
column, set the correspond- 
ing velocities lost in passing 
through 50 feet of air. Them 
to these data applying the 
theorem -ss-i, where v denotes 
the middle velocitieE in the 

first column ; v' the velocities 

lost, as in the 2d column ; 

s = 50 feet, the common 

space; and 6 = Slb = 48ozi 

the weight of the ball ; with 

which data, the theorem — * 

becomes^ = 4'=^'"'>'^'' 
theorem will bring out tlie 
corresponding resistances in 
the 'id column ; the first and 
secood di&rences of which 
are set in the 4th and Sth co- 
himns, showing that riie resist- 
ances are not far from being 
regular. 

But now, to adapt the resistances to the senes of veloci- 
ties differing by the constant difference of 50, and to render 
them regular, it will be convenient to construct the curve of 
resistance, makiDg the velocities the ordinates, and the re- 
sistances the corresponding abscisses; which gives the curve 
Afl plate 2 ; from which we perceive that the numbers in 
the table above the velocity 900, are much too small, but 
that tl» rest uf thpm run pretty regular ; and when reduced 
to every SO feet difference of velocity, came out nearly as in 
the following table. 



Middle 


rtloc 


fiiH 


Fir^. 


2d 


Velociiiei 


lo*t 


nvet 


D<ai. 


□>£ri 


ftct 


feet 


DZ 






3. 6*5 


9 


174 


12 
13 
14 




J65» 


9i 


180 


1 


S 664 


10 


199 


] 


61 f> 


iOi 


215 




933 


2li 


604 


28 
29 
30 
31 




936 


22 


632 


1 


» 97B 


22|. 


661 


1 


81001 


23 


691 


1 


102* 


2H 


722 


1 


1048 


24 


75*1 " 




1132 


26 


883 


56 
58 
60 
63 
6€ 




1139 


27 


939 


2 


SH86 


28 


997 


2 


g 1215 


29 


1057 


3 


1244 


30 


U20 


3 


1275 


31 


11S6 




1347 


34 


1374 


81 
81) 
97 
107 
117 




138-2 


35-1 


1-I.,i5 


8 


51418 


363 


1.^4-4 


8 


= 1455 


37-6 


l(J4I 


10 


1494 


39 


i-+8 


10 


1535 


40-5 


IHtiS 




119 J 


39 


1 74-1 


120 
130 

142 
154 




1530 


40-6 


1S64 


10 


ei571 


42 3 


1994 


12 


£1614 


44 1 


2136 


i? 


1659 


iG 


229C 


13 


1706 


43 


2457 


167 
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Table of Resisiancts to a Ball of 2.1b weigki, and 2-7& inchet 
diameter. Barom, 30. 



Vebxiity 


Reiitt. 


Dtffi. 


aDiff. 


IU.hu 


Diffb 


2D\lls 


ftet 

900 
950 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 

noo. 


566 
64'* 
729 
821 
919 
1023 
1133 
1249 
1370 
1496 
1627 
1762 
1900 
2041 
S184 
23-28 
2472 


78 
85 
92 
98 
104 
110 
116 
121 
126 
131 
135 
138 
141 
143 
144 


7 
7 
6 
6 
6 
6 
5 
5 
5 
4 
3 
3 
2 




lbs 

35-4 
40-2 

45-5 
51-3 
57-5 
64- 1 
71-0 
78-2 
a5'7 
93-5 
101-6 
llU-0 
118 6 
12T'4 
136-4. 
145-5 
154-6 


4-S 
5-3 
5-S 
6-2 
6-6 
6-9 
7-2 
7-5 
7-8 
8-1 
8-4 
8-6 
8-8 
9-0 
91 
91 


5 
5 
4 
4 

3 

3 
3 
3 
S 
3 
2 
2 
2 
1 




General Observations on the Experiments of the year 1799. 

168. The first set of these experiments was made to af' 
ford a comparison between guiis of ditFerent lengths, th« one 
short, and the other very long. They were both placed 
with the muzzle at 30 feet distance from the face of the pen- 
dulum, being charged each time with 16 ounces of powder, 
and the general weight of the balls 2lb i5oz. After a suffi- 
cient number of rounds with each gun, the medium veloci- 
ties, computed from tbem> were as follow ; viz, the long gun 
1584 feet per second, and the short one 1371 feet-. So that 
the velocity from the long gun exceeds that from the short 
one, by a quantity between tlie 6th and 7th part of the lat- 
ter only. 
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The short gun was afterwards fired with the same charge 
of powder and balls, but blocked up behind the breech, so 
as to prevent entirely the recoil ; and then the medium of - 
the velofcities was 1 553 feet, being rather less than before, 
when its sliding carriage was permitted to recoil ; but the ^ 
difference is not more than may be supposed to happen be- 
tween any one day*s experiments and another; so that it 
may be safely inferred, that stopping the recoil makes no 
perceptible difference in the velocity of the ball discharged. 

This comparison between the long and short gun being 
settled, the experiments were prosecuted with the long gun 
alone, that being sufficient for determining the other points 
of enquiry. In the course of a great many days' experi- 
ments, as before related, in which the gun was charged with 
various quantities of powder, and discharged at many dif- 
ferent distances from the pendulum, the medium velocities, 
among three good ones of every sort, came out as below, in 
the following tables, where they are all reduced to the same 
circumstances of ball, air, and eprouvette, viz. an exact 3lb 
ball, the height of 30 inches of barometer, and the division 
of S6 on the eprouvette. The table of medium velocities in 
those circumstances, is as follows. 
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The table of the same, arraof* 
ed according to the charges. 
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according to the distances. 
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cities 
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feet 


ox 
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oz 
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feet 




1 


30 


4 


669 




1 


4 


30 


669 




2 


• 


8 


1061 




2 


• 


80 


669 




3 


• 


12 


1290 




3 


• 


130 


650 




4 


• 


16 


1568 




4 


• 


180 


641 




5 


• 


24 


^ 1717 




5 


• 


280 


652 




6 


80 


4 


669 




6 


8 


30 


1061 




7 


• 


8 


1048 




7 


• 


80 


1048 




8 


• 


12 


1242 




8 


» 


13Q 


1015 




9 


• 


16 


1473 




, 9 


• 


180 


1015 




10 


• 


24 


1692 




10 


230 


960 




11 


130 


4 


650 




11 




S30 


922 




12 


• 


8 


101.5 




12 




430 


895 




13 


• 


12 


1220 




13 


12 


30 


1290 




14 


• 


16 


1471 




' 14 




80 


1242 




15 


«' 


24 


1601 


• 


15 




130 


1220 




16 


180 


4 


641 


. 


16 




180 


1204 




17 ^ 


• 


8 


1015 




17 




230 


1197 




18 


• 


12 


1204 . 




18 




3S0 


1104 

1 




19 


• 


16 


1410 




19 


16 


30 


1563 




20 


• 


24 


1572 




20 




80 


1473 




21 


230 


4 


652 




21 




130 


1471 




22 


• 


8 


960 




22 




180 


1410 




23 


• 


12 


1197 




23 




230 


1384 


/ 


24 


• 


16 


1384 




24 




330 


1310 




25 


• 


24 


1540 




25 




430 


1219 




26 


330 


8 


922 




26 


24 


30 


1717 




27 


• 


12 


1104 


« 


27 




80 


1692 




28 


• 


16 


1310 




28 




130 


1501 




29 


• 


24 


1491 




29 




180 


1572 




30 


430 


8/ 


895 




30 




230 


1540 




31 


• 


16 


1219 




31 




330 


1491 




32 


• 


24 


1274 




32 




430 


1274 


» 



169. From this table it appears that the velocities conti- 
nually decrease, as the distances increase ; and though the 
distances are not sufficiently regular to admit of so accurate 
a determination of the air's resistance, as will yet lay a fouii- 
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dation for a^true system of practical gunnery, yet the follow- 
ing inferences may nevertheless be usefully deduced from 
them. 

First, By comparing the first-mentioned velocities by . 
the short 3-pounder, with the velocities of the long oue in 
this table,^ loaded with one pound of powder, at different 
distances, it may be perceived that the superior velocity 
with the long gun, which was found to be near f greater, is 
reduced to an equality with the short one, during the flight 
of the ball through only 230 feet, or less than 77 yards ; and 
as the lengths of these guns are very nearly in the propor- 
tion of 2 to 1 , which is as great a difference as ever occurs in 
service between any two giins of equal calibre, it fully ac- 
counts for the small advantage obtained in the ranges of 
shot, by any increased length which the limits of practice 
will admit of: and also how very subject to error any deci- 
sion must be, in determining the velocities corresponding 
with a certain length of gun, which is founded on the ex- 
tent of their respective ranges ; since the irregularities in 
the shots' flight, added to the last-mentioned circumstance, 
must render them very uncertain criteria, in all cases where 
great velocities are concerned. 

2dly. This table also affords a further confirmation of 
the small advantage, in point of range, which is obtained by 
Increasing the charge, beyond what is necessary to commu- 
nicate a certain velocity to the ball ; since the increased re- 
sistance to great velocities operates so powerfully, that they 
are quickly reduced, and soon destroyed : for Example, it 
appears by the table, that the velocity communicated by 16 
ounces of powder, after the shot has passed through a space 
of230 feet, is reduced to nearly the same with that of 12 
ounces of powder, in a flight of 30 feet. It may also be'ob- 
served, that the velocity with 24 oz of powder, at 180 feet 
distance, and that^with 16 oz at 30 feet distance,^ are nearly 
equal; differing only by 4 feet per second, though at their 
first discharge from the piece they differ by as much as 149. 
feet per second. 
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3ify. From the foregoiug table, it is evident also, that 
the velocities communicated l>y different quantities of pow- 
der, are nearly in the proportion of the square roots of those 
charges. — ^Also, by a due computation from the quantity of 
velocity lost in the several distances, the resistance of the 
air to the ball of 2*78 inches diameter, moving with several 
velocities, will be nearly as expressed in the foregoing table, 
in p. 126, where the first column shows the velocity per se- 
cond, with which the ball moves, and the other columns 
show the corresponding resistances of the air, in ounces or 
pounds ; that is, when a ball of that size moves with a velo* 
city of suppose I*?00 feet per second, it is resisted by the 
air with a force which is equal to the weight or pressure of 
2472 ounces, or 154^ pounds ; and so of the rest. 

From this table of resistances it appears also, that there is 
a gradual and regular increase of resistance, as the velocity 
is increased, from the least to the greatest, and without 
showing the appearance of such a very sudden or abrupt 
change in the nature and quantity of that resistance, as Mr. 
Robins suspected might obtain. But that the law of resist- 
ance gradually and slowly increases like the velocity itself, 
probably on account of the increasing partial vacuum behind 
the ball in its flight, from the slowest motion, when the re- 
sistance changes as the square of the velocity nearly, up to 
about the velocity of 1200 or 1400 feet, when, the vacuum 
being comf)leted, the law of increase appears to have at- 
tained its highest pitch, being then nearly as the 2f power 
of the velocity ; after which it gradually decreases again 
\ mt re and more, as the velocity increases higher, till it arrive 
at about the 2^V power, and perhaps still lower; which, 
aoiong several others, is a law that was unknown till it was 
discovered by means of these experiments. 

A few trials were also made with a 6-pounder gun, which 
shows tHjB practicability of using still larger pieces of ord- 
nance in such experiments. The dimensions of the gun 
were these : the length of the bore 57^ inqhes, and its diara- 
ter 3'67. The balls on an average weighed 5lb ISoz, and 
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measured 3^ inches diairieter. The gun was charged with 8, 
16, and 24 ounces of powder, and IV^ pljIcQd at 8Q feet dis- 
tance from the pendulum, which was struck by the balls 
with the following medium velocities, viz. 

Powder, ounces • . • 8, 16, 24, 
Velocities, feet • . . 703, 990, 1322. 

From which, the same law of the charges and velocities, as 
formerly noticed, again takes place, viz, that the velocity is 
proportional to the square root of the charge of powder. 

A great variety of experiments were also made with the 
3-pounder gun, to obtain the extent of the ranges j but these 
turned out so exceedingly various and irregular, that no cer- 
tain deductions can be drawn from them. The results and 
mediums of them, however, such as they were, are as below. 
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1S2 NEW EXPERIMENTS TRACT S4« 

PENDULUM EXPERIMENTS OF THE YEAR 1791- 

no. June 21 y 119 i. 

A new pendulum having been prepared, of a greater 
length than any of the former, to be used with 6-pounder 
guns, as before had been employed with the 3-pounders and 
1-pounders, to be discharged at different distances, for the 
resistance of the air, and other purposes ; attended this day, 
iind saw it weighed, &c, when its weight was found to be 14 
cwt 2qr 8lb, or 16321b. But, some days afterwards, before 
the beginning of the experiments, it weighed only 1629ilb» 

l7l. June2Syll0l. 

Attended the balancing and mea<;uring the pendulum, to 
find its centre of gravity, &c; when it was found, that the 
diameter of the axis was 2*4 inches, and below the centre or 
middle of the axis, 

the centre of gravity on one side of the block was 76*6 
and on the other side or face it was . . .. . ». 75*7 
the mean between them therefore was .... 75*85 

172. June 29yil9i. 

Attended the suspending the pendulum, and dividing and 
marking its face into inches, for the easier measuring the 
distances of .the points struck by the balls; also making it 
vibrate in small arcs, for the centre of oscillation^ which it 
did for 10 minutes, during which time it made 401 oscilla- 
tions, which therefore is at the rate of 40*1 per minute ; so 
that the numeral valtfe of the letter n is 40* 1 . 

173. Jt*/j^ IS, 1791. 

Attended the suspending, vibrating, and measuring the 
gun, which was a long 6-pounder of brass, the bottom of its 
bore t»eing hemispherical. It performed 38 oscillations in 
each minute. 
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•Whole length of bore, to extremity of thd bottom 80*5 inc. 

Diameter of the bore 3*65 

Centre of gravity below the axis of motion . . 85'8 
Centre or axis of the bore below ditto • . . 92*2 

Weight of the gun alone 1370lb 

Ditto with all the iron work . . .. • . . 1618 

174. Julj/U, 1791. 

Barometer 30*0 j Thermometer 66. 

Be^gan firing the above suspended gun, as follows. 
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. 




inches 


lb 
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32 


649 


458 


84-7 


18 


1627 


7610 


40-20 


1686 
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630 


452 


87-4 


11 


1634 


15 


22 


1620 
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• 


€35 


465 


88-2 


10 


1641 


20 


24 


1658 


4d 


24 


569 


462 


91^ 
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1648 


25 


26 


1588 


5 


• 


549 


410 


86-2 


8 


1654 


30 


28 


1508 


6 


' 549 


409 


85-9 


9 


1661 


35 


30 


1517 



The gun*s distance was 30 feet ; diam. of balls 3*55 inches^ 
wt. 6lb l|^oz« Length of the first charges was 9-8 inches;, of 
the latter 8-3. 



My Eprouvetie. 

Oz Chords Vers. Arc* 



£ 
2 



42i 
42i. 



9 
9 



24*32' 
24 32 



The powder of lasji, year's ex- 
periments gave only between 
35 and 36 recoil on the chords 
of the eprouvette, which an- 



swers only to 6 on the versed sines : so that the powder of 
this year is considerably stronger than before : yet the men» 
who had the care of it, asserted that it was the same that re- 
mained of the former ; but I suspect there is some mistake 
on that pointy and that it had been removed or changed, and 
that they either did not know it, or would not confess it. 

The cartridges were now, and hereafter, made of fine 
lawn paper, nicely rounded at the bottom, so as to fit exactly 
the bottom of the bore, which is an exact hemisphere ; and 
the balls were let close into the same paper bags, upon the 
powder, with a thread tied round the bag, both below the 
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ball a\id khbve it, to coiifine it in its plate, n^r half sunk in 
the ponder, and the top of the paper oter the ball cot off, 
the nfeck at the tie being neatly folded dowti ; all whi<ih cir^. 
cum&taftces tender the effects of the firings much toore Uni- 
form than heretofore. 

The penet;rations of the balls into tlie iVood were so deep> 
that a sharp iron wire piercer could not be found long 
enough, to reach the balls in the penduhim block. After the 
first shot, the piercer or searcher was introduced the depth 
of 26 inches, without Uftefetiug the ball : so that the first pe- 
netratiion must have been more than ^9^ inches. 

After the BXperimeuts were ended this day, 2lb additional 
of wooden phi]gs were driven into the pendulum, to wedg^ 
it up close; which therefore must be ^dded to its weight 

Weafter. 

I7i, Julj/ 16> 1791. 

Barometer 30; iThermometer 69. 
The feajftWB experiments continued with the lower charges. 
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1688 
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Tbe %aUs and distance of the g>dn the s^iiwe as before. Ibe 
'tength of the 16 62 tha¥ge 6^75 ; of t*4e 8 oa 5-3 ioehes. 
3ty Eproitvette. 

• 

These with the large grain used in 

the experimeBts. 

This charge ^as with the fine grains 
Aat were sifted out of the powder every day, with a peculiar 
gifting machine, the laiige grain l>eing used in the e!q3eri- 
ments. Hence it appears tfeat the fine-grained powder is 
stronger than the lasge-graiaedi tot ^least in this quantity, 
2 ounces. 
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On vibrating the pendulum after the experiments ended 
this day, for the centre of oscillation, it performed 405 vi- 
brations in 10 minutes, or 40'5 per minute, which was 40*1 
at the beginning. But by computing the variation in the 
value of w, from the change in the weight, it gives only a 
difference of 2 : I have therefore assumed the value of n at 
first to be 40-2, and at the end 40*4. 

Weighed and balanced the pendulum, when its weight 
and centre 6f gravity were found to be as below. 

Centre of Gravity, 

On one side . . 76*65 

On the other side . 76-80 

The medium of both 76*72 

Ditto at beginning 75-85 

Medium nearly , . 76*3 
Wt, added, changes 

tfee centre -4, its hallFis ^'2 

Correct at beginning 76*1 

Oitto at the end . 76-5 



For the Weiight. 



1629^ 




69 



Weight at first 
Ten balls lodged 60^ 
Plugs wt • . 6i 
Additional ditto 2 

The sum is • 1698^ 
Weight at die end 1694 
Theref^ lost by ova- 1 
poration • • j 
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176. July 18, 1791. 

Barometer 29*75; Thermometer 71. 

Attended the we'^faing and balancing the gun, also fired 
tiie «ame charges of powder without balls, as h^d been uped 
the last two days witii balls. 
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The gun vibrated 38 + |)cir 
min. See its weigbtj dim^n- 
sions^ &c, July 13. 
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17^7. July 21,1191. 

Barometer 29*89 ; Thermometer 67. 

The pendulum having been repaired, and received a new 
core, I attended the weighing and suspending it. It weighed 
1630lb, which being but 4lb less than before it was repaired, 
it may be presumed that its centres of gravity and oscillation 
are the same as ended with, on the iGth instant. Also sus- 
pended the medium 6-pounder gun, which was exactly the 
same diameter as the long one ; and all its dimensions, 
weight, &c, M'cre as below. 



Weight of gun alone 
Ditto of iron work 
Ditto both together 



lb 
1173 

248 



1421 
inches 

Dist. centre of gravity 34*9 
Dist. axis of gun » 92'2 
Length of bore . . 56*65 
Diameter, of bore • 3*65 
Vibration per minute 39— 



Eprouvette. 

Oz Chord Vers. 
2 43 

S 43 



H 



H 



Discharged the following 
rounds. 



Dist of the gun 
Diam. of balls 
Wt.- of ditto 



30 feet. 

3*55 inc. 

6lb. Ifoz. 
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719 


404 


82-5 
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1586 
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412 


84-6 


18 


1697 


54 


4 
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24 


648 


401 


85-9 


22 


1704 
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85-8 
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The Charges, oz. 32 24 16 8 
Their Length, inc. 9-7 8-37 6-75 5-4 






TRACT 34. 



IN GUNNERY, 1791; 



1S7 



178. July 28, 1791. 
Barometer 29*83 ; Thermometer 66. 




Length 


Vibration 


of charge 


of gun 


inches 


'. 


6-8 


338 


6-7 


343 


5-2 


252 


5-25 


254 


3-85 


157 


3-75 


160 


2-75 


75 


2-65 


76 



Fired the same medium gun 
with the same^ charges of 
powder as before, but with- 
out balls. The results are 
here annexed. 

Eprouvetie. 

Oz Chord Vers. 
2 43 9;J. 

2 434- 94- 



The pendulum having also been again repaired, with the 
addition of a new core, and strong iron bands across the 
back, to prevent the wood from bursting oujt behind ; 
weighed it, and balanced for the centre of gravity, as below : 

Its weight was . I803lb And it may be presumed 

Cent, of grav. one side 76*7 
Ditto the other side 77*2 



this last number is very 
near the truth, as the cal- 
culation on the additional 



Medium of both 76*95 
weight of the iron cross bars above mentioned, alters the 
centre of gravity by '4 of an inch, which added to 7S*5, 
what it was before, makes it 76*9, almost the same as that 
annexed. 

179. Sept. 14, 1791. > 
Barometer 30*2 ; Thermometer 70. 

Suspended the long 6-pounder gun, and discharged it 
against the before-mentioned pendulum, from the distance 
of 200 feet, for the resistance of the air. 
Eprouvette. 



Oz 

2 
2 



Chord 
43 
43^ 
434. 



Vers. 

9\ 



Arc. 
24°50' 
25 
25 



Distance of the gun, 200ft. 
Diam. of the balls, 3*55^ in. 
Weight of ditto, 6lb l^oz. 
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The 2cl and 5th rounds are doubtful, owing to accidents: 
thp ball dropped out at the 5th round. After this day's ex- 
periments, the pendulum was quite' ruined. 



It vibrated 40^; per minute. 

lb 

Its weight, July 28 was 1803 

Weight of 9 balls 

Ditto of plugs . . ^ . 

The sum is 

But wt at last . . . 

Theref. lost only 



oz 

o 



54 13i. 
lb 8 



1868 
1866 



5* 



2 5i 
by evaporation ; which is but a 



small quantity, consi- 
dering how dry the 
weather had been : in- 
deed it was all the time 
closely wrapped up in 
an oiled cloth, which 
probably in a great 
measure prevented the 
evaporation. 



180. Sept. 21, 1791. 

Attended the weighing and balancing the new pendulum, 
being an entire new block, of 52 inches long, and the face 23 
inches by 17. Its weight was 1662ib. Dist. below bottom 
of axis to 

Centre of gravity on one side . . . 74*8 
Ditto on the other side ..... 74-3 

The mean theref. is 74*55 

Add half diam. of axis 1*15 

Qentre of gravity below axis of motion 75*7 
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181. Sept, 22, 1791. 
Barometer 30 ; Theraiometer 60. 

Fired the long 6-pounder>and also a light short one, against 
the above-mentioned pendulum, from the distance of 30 
feet, with charges of Sib and 2lb of powder ; the length of 
the bore of this light gtin being 57*6 inches. From this time, 
the gijns were not suspended like a pendulum, but placed 
on a ship-,gun carriage, with trucks .running on a level plat- 
form, and the recoil of the gun and carriage noted down. 



Efrtnvcette. 

2 oz.. 42^ chord 

2 42^ 

The pendalumoscillated 121 
in 3 minutes. The fir^t 4 



' shots T\^ere with the long 
gun ; the rest with the light 
gun. 

The ball's diam. 3-56 ; wt. 

6lb Ifoz. 



NO 


Pow- 
der 


Recoil 
gun 


Vibr 
p«nd 

e 


Point 
struck 


Plug's 
wt 

oz 




Values of 




Velocity 
of ball 


P 


g 


ft 


lb 


inches 


inches 


lb 


inches 


40*^3 


feet 


J 


3 


67 


482 


87-0 


to 


1662 


75-70 


1749 


2 


3 


69 


479 


83-2 15 


1669 


74 


S3 


1826 


3 


2 


48 : 43 1; 


86-1 


16 


1676 


78 


33 


1596 


41 2 


49 1456 §7*5 


16 


1683 


82 


.33 


16f>9 


5 


3 1 83 1 445 


82-8 


63 


1690 


85 


34 


1728D 


6 


3 


/72 


437 


.88-0 


46 


1700 


89 


34 


1607 > 


7 


3 


72 


412 


83-0 


13 


1707 


93 


34 


1614 


8 


2 


58 


383 


80-3 


15 


1714 


97 


35 


1558 


9 


2 


57 1 378 1 80 


1 10 


1721 


T6-00 


35 


1550 



182. iVp/. 24, 1791. 
Barometer 29-98 ; Thermometer 60. 

The following 4 rounds were firid againsst the pendulum, 
with the medium and the light 6-pound or guns, on a carriage, 
viz, the first two rounds with the medium gun, and the other 
two with the light one, both 5 feet guns, «rach round with 
lilb of powder, and at 30 feet distance from the same pen- ' 
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dulum as left hanging Sept. 22 ; the balls as before, viz, di- 
ameter 3*56 inches, and weight 6lb l^oz. The lengths of ■ 
the bore and weight of the guns, were thus : 



Medium Gun. 

Length of bore 56-65 inc. 
Diam. of bqre 3*65 
Wt. ofgun inslb. 



Light Gun. Eprouvette. 



57-6 

3-65 
605 



Oz 
2 



Chord. 
42f 
43 



1 


■ 

Length 
charge 


Recoil 
gun 

inches 
44 


Vibr 
peiid 


Point 
struck 


i^lug's 
wt 




Values oi 


* 


Velocity 
of ball 


P 


g 


n 


inches 

82 


373 


inches 
86*8 


oz 
13 


lb 

1728 


inches 

76-04 


40-35 


feet 
1416 


2 


8-2 


44 


386 


90-0 


13 


1735 


08 


36 


1430 


3 


8-3 


78 


378 


88-5 


12 


1744 


12 


36 


1420 


4 


8 2 


83 


397 


90-5 12 


1749 


16 


36 


1465 

* 



183. Sept. 26, 1791. 

Took down the pendulum, to be repaired. 

Its weight at first was . . 1662lb 
Add balls and plugs, Sept. 22 66^ 
Ditto Sept. 24 . . . . . 27J . 

The sum of all 1756 

It weighed now \T55 

Theref. lost by evaporation only 1 

184. Sept. 27, 1791. 

The pendulum having been repaired, it was weighed and 



T}alanced this mornine:* 

Its weight was . . I759lb 
Sheet-lead facing . 19 

The sum of both 1778 
Cent, of grav. below 

axis 76*3inc. 



This distance,76*2,is exactly 
what it comes to, by calcu- 
lation, viz, from the weight 
of balls and plugs lodged ih 

the pendulum Sept. 22 and* 
Dittoon the other side 76*1 ^4. 

Mean of both . . 76*2 
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185. Sept. SO, l7n. 

Barometer 30* 15 ; Thermometer 53. 

iTie powder, which had been hitherto employed, having 
been all expended, on trying several new sorts, for a fresh 
supply, by means 'bf the eprouvette, nofie of them could be 
found so strong as the former was. But, by sifting the larg^ 
grains out of one of the best of them, the remaining small 
grains of it came up nearly to an equal strength with that 
before employed ; and with this new kind it was that the 
following experiments have been made, viz, with the long 
6-pounder gun, at 115 feet distance from the pendulum, the 
gun being mounted on^ the truck carriage. The balls, as 
before, weighed 6lb Ijoz, and diameter 3*55 inches. 

Epnyuveite. After the experiments the pendulum 

2oz. 42 vibrated 80 in 2 min. or 40 per min. 

2 42|. so that w = 40 in all the rounds. 



N<» 


Pow- 

J 


Length 
charge 


RecQii 
gun 

inches 


Vibr 
pend 


Poipt 
struck 


Plug 
Wt 

oz 


Values of 


Velocity 


— 


der 


P 


g 


of ball ' 


oz , 


inches 


c 


iocbes 


lb 


inches 


feet 


1 


48 


12-9 


5e 


396D 


85-0 


12 


1778 


76-2 


. 1 597d 


2 48 


12-9 


61 


444 


86-2 


12 


1784 


, 2 


1771 


3 48 


13-0 


65 


448' 


90-3 


12 


1791 


3 


J715 


4 32 

1 


9-9 


47 


382 


82-0 


11 


1797 


d 


1616 


5, 32 


9-9 


49 


410 


87-2 


12 


1804 


3 


1637 


6 


24 


8-5 


33 


356d 


83-5 


14 


1810 


4 


A4'9lD 


7 


24 


^•4 


31 


322 


80-5 


11 


1817 


4 


1405 


81 24 


8-3 


.32 


340 


83-6 


11 


1S23 


4 


1433 


9 16 


6-9 


22 


276 


79-9 


8 


1829 


5 


1223 


lo; 16 


6-9 


20 


S04 


89-5 


11 


1836 


5 


1207 


11 


8 


5-4 


9 


214 


88-4 


15 


' J 842 


5 


863 


12 


8 


5-5 


9 


211 


88-2 


11 


'1849 


6 


857 



After the experiments the pendulum weighed 
N6w at beginning it weighed . . . 

Add for 12 balls 

Ditto for the plugs 

Sum of these 
Deduct for loss df lead facing . . . 
Remains the same wt. as at first . . 



18551b 
1778 

13-1 

il 

1860 

5 

1855 
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So that nothing has been lost by evaporation, owing pro- 
bably to the pendulum having been kept closely covered 
up with the painted cloth* 

186. Oct. 10, 1791. 

Baroaieter 29*275 Thermometer 57. 

The pendulum having been again repaired, and its face 
covered with a new sheet of lead, the following rounds were 
fired from the Jong 6 -pounder, mounted as before, at 285 
feet distance, with balls weighing each 6lb l:Joz, and diam. 
S-55. The pendulum. weighed 18611b, and the medium of 
its centre of gravity measured 77 inches, which I suspect is 
erroneous, as the pendulum is nearly the same weight as her 
forcy when that centre was only at 76-6 ; I have therefore 
assumed the medium 76*8 to begin with It vibrated 40 per 
minute. 

Eprouvette, 

2 oz 

2 42- 



^i chord. 



N° 


Pow- 
der 


Recoil 
gun 


Vibr. 
pond 


Point 

§lruck 


Plugs 

wt 


■ ■' " -' — ■»■ '■- ■ 

Values of 


Velocity of 
the ball 


P 


S 


n 


oz 


inches 


c 


inches 


07. 


lb 


incbei 


feet, 


It 48 


49 


374 


85-8 


16 


1861 


76-8 


40 


157JD 


2' 48 


63 


432 


92-9 


15 


1867 


8 




1674D 


3 48 


54 


416] 


91-5 


14 


1864 


8 




1641 


4 32 


36 


329 


79-5 


13 


1869 


8 




149$ 


^ 32 


36 


S58 


84-6 


12 


1845 


8 




1513d 


6 24 




277 


74-7 




1852 


7 


• 1 l?29p . 



N*» 1 is doubtful.-^ At N« 2 the ball came out >t the side 
of the pendulum, and struck an iron ba«d, wbidi it cracked, 
and then rebounded, also some splinters of wood flew out, 
both making the recoil too great.— At tj"* 5 some more splin- 
ters, and a piece of iron band burst ofiF by the elasticity of 
the wood, weight 29lb, wh^n the pendulum began its mo- 
tion, which again made the vibration too great.— -N® 6 also 
burst anotheir band, and ruined tj^e pendulum. So that there 
are only two or three indifFpr^ntly good shot*. 
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187. Oct. 22, 1191. 

Another new petidulum block having been prepared, its 
length 5 feet, and face 24> inches by 18, had. it weighed in 
the Foundery, and found it just 19 cwt, or 2 128lby including 
its facing of lead 9, which weighed 21Iby being much larger 
than any of the former pendulums. 

188. Oct. 24, 1791. 

Weighed the pendulum again, when its weight was found 
only 2 12 lib, having evaporated no less than 7ib in the two 
days it lay uncovered in the Foundery. Balanced it also for 
the centre of gravity, when it was /ound at both ends the 
same, viz, 77*7 inches below the middle of the axis of sus- 
pension. 

189. Oct. 27, 1791. 

Barometer 29*96; Thermometer 46, 

Suspended the new pendulum, and fired the following 
rounds against it, from the same distance of 285 feet, with 
the same long 6-pounder gun, mounted as usual on a truck 
carriage, running on a platform. 
Eprouveite. 
2 02. 42i The constant value of g = 77*7 

2 42|. Ditto of n =39-8 



N« 


Chargre. 


Recoil 
gua 


Vibrot 
pend 


Point 
struck 


Plugs 
wt 


Wt 
pend 

1 


Veloc 
of ball 


— 


wt 


ticight 
inches 


oz 


inches c 


inches 


oz 


lb 


feet 


1 


32 


9-9 


22 


299 


88-1 


14 


2119 


1412D 


2 


32 


9'9 


22 








2117 




.3 


32 


9-9 


24 


310 


87-6 


15 


2115 


1471 


4 


32 


9-9 


22 


293 


85-4 


13 


2-117 


1428 


5 


24 


8-3 


.17 


286 


89-6 


15 


2119 


1330 


6 


24 


8-3 


16 


293 


90-9 


16 


2121 


1339 


7 


16 


6-8 


10 


240 


87-1 


14 


2123 


1150 


8 


16 


6-9 


10 


243 


90*1 


16 


2125 


1127 


9 


8 


5-3 


4 








2127 




10 


8 


5-4 


4 








2120 




11 


8 


5-2 


4 








2113 




12 


8 


.5-3 


1 






2(06 
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Before the pendulum was hung up this morning it Aveighed 

2 U9iby having lost only 2\h the last 3 days, owing to the 

dampness of the weather in that time. It oscillated 398 in 

10 minutes, which gives n = 39*8 per minute. The balls 

weight 6lb l^oz, and diameter 3*56 inches. The pendulum 

proved to be of bad unseasoned wood, so damp indeed that 

the water dropped out very fast, after the ball^entered ; and 

many splinters flew out at every shot. The first and second 

rounds are doubtful, as both the balls came out: the first 

penetrated 42 inches, before it came out. The next 6 balls 

lodged, but the last 4 all came out, by striking near the edges, 

and ruined the pendulum by breaking several of the bars. — 

After the experiments were ended, the pendulum weighed 

20991b. 

Now at first it weighed 2119lb. 

Add for 6 balls lodged 36|. 

Ditto for 7 plugs 7^- 

The sum is 2163 

Being less than at first 64 
which must have been lost in splinters^ bars, and lead facing, 
chiefly in the last 4 rounds. 

It m.iy be observed that the recoils are nearly, but a little 
more than, in proportion to the charges of powder. 

190. In the following table are exhibited the mediums of 
the several circumstances and computed velocities, as brought 
together, and arranged in the order of the dates, after hav- 
ing, with great labour and patience prosecuted these experi- 
ments as far as practicable, with respect to the magnitude of 
the pendulums, the size of the balls, and the distance from 
the gun. 
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Synopsis of theforegcing Experimenis brought together^ 



Dmte 




Baro- ] 
meter 


Pow- j] 
der 


Eprou- 
vette 


T%\a!t 


YibntioD fUD | 


Veloc. 
eomput'd 


Velocity 
reduced 


Oua , 


U\9\ 

gun 
feet 


with' 
ball 


with- 
out bU 


July 






oz 




feet 


feet 


14* 


r 

9 


30-0 


32 


42-5 


30 


638 


294 


1655 


1663 


14 




24 


• 




556 


220 


1513 


1521 


16 


1 




16 


• 


>» • 


440 


140 


1300 


1306 


16 


«i 


8 


• 




280 


63 


898 


902 


21 




29-9 


32 


43 


30 


718 


341 


1585 


1585 


• 


1 
E* 




24 


• 


^ 


632 


253 


1460 


14to 


• 


§ 




16 


• 




496 


159 


1261 


1261 


• 


c 

s 




8 


• 




321 


76 1 ' 878 


878 


Sept. 
















\ 




14 

• 


(*9 


30-2 


32 
24 


43-2 

• 


200 


5:2. 


\ 


1567 
1399 


1564 
1396 


• 


e 


« 


16 


• 




• o 

•1 


( 


1206 


1204 


• 


9 




8 


• 








879 


877 


22 


Longj 


30-0 


48 


42-6 


30 


68 




1788 


1792 


• 




32 


• 




49 




1633 


1636 


• 
• 


light! 


- 


48 
32 


• 
• 


• 


72 
57 




1621 
1554 


1624 
1558 


24 


Med. 


30-0 


24 


42-9 


30 44 




1418 


1419 


• 


light 




24 


• 


• 81 




1442 


1443 


30 




30-2 


48 


42*4 


115 


66 




1743 


1755 


• 


*4 




32 


• 


• 


48 




1627 


1639 


• 


04 




24 


• 




82 




1443 


1454 


• 


1'. 




16 


•' 


k 


21 




1215 


1224 


• 




• 


8 


• 




9 




860 


867 


Oct 














f 


, 


11 


? 


29-3 


48 


42-3 


285 


55 




1629 


1644 


• 


a 

MB 




32 


• 




36 




1505 


1522 


• 




9 




24 


• 




36 




1329 


1342 


27 


? 


30t) 


32 


42-6 


285 


23 




1450 


1454 


• 


9 




24 


• 




17 




1335 


1339 


• 


? 




16 


• 




10 


1 


1139 


1142 


• 


^ 




8 


• 




4 









In this table, the numbers in the column of Eprouyette, 

denote the chord of vibration with 2 oz of powder, the ra* 

dius being 100. The vibrations of the guns, are chords to 

radius 1000. The balls were all 3*55 or 3*56 inches dia« 

VOL. in. V "1 
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meter^ and 6lb l^z weight. In the last column, thereloci- 
ties of the balls are all reduced to the state of the barometer 
30, and £prouvette 43. 

191. The series of velocities, being^ selected from the 
preceding synopsis, for each gun and distance, will stand as 
in the following tables, as adapted to the ball of 3*55 or 3'56 
inches diameter, 6lb l^oz. weight, with the strength of the 
powder 43 by the Eprouvette, and the Barondeter 30 inches. 



The light gun. 


The medium gun. 


Dis- 
tance 


Pow- 
der 


Velo- 
city. 


Dis- 
tance 


Pow- 
der 


Velo- 
city. 


feet 

30 

• 

• 


oz 

48* 
32 
24 


feet 
1624 
1558 
1440 


feet 

30 

• 
• 


oz 

32 

24 

16 

8 


feet 

15B5 

1460 
1260 

877 



The Long Gun Mediums y and reduced Regular. 



Dist. 
feel 


3lb Powder 


Sib Powder. 


• 

l|lb powder 


lib powder 


Comp. 
veloc- 


Regul 
veloc * 


Comp. 
veloc.' 


Regul. 
veloc. 


Comp. 
veloc. 


Re»ul. 
veioc. 

1506 
1453 
1402 
1353 


Comp. 
veloc. 


Begul. 
veloc. 


30 
115 
200 
285 


1792 
1755 

1641. 


1810 
1745 
1685 
1627 


1650 
1639 
1564 
1522 


1673 
1616 
1561 
.1508 


152 1 
1454 
1396 
1-342 


1306 
1224 
1204 
1142 


1306 
1259 
1214 
1171 



192. As the series of decreasing velocities are not quite 
irogular, the numbers are altered here and- there by certain 
very small quantities, which, without materially aflPecting 
the whole velocity itself, has the effect of making the series 
become regular ,^ and so the more easily leading to the regu- 
lar law of resistamce. These corrected, or regulated veloci-* 
ties, are set in columns, each immediately after its corre- 
sponding column of irregular or calculated velocity ; and 
those regular columns being extracted from the rest, and 
brought together by themselves, with their correspondeoJi 
di»taQC£s and differences, will stand as follows, . 
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Regular VelftcUies of the Long Gun, and their Difference^ 



Dists. 

30 
115 
200 
285 


Diffs. 


3 lb powder. 


216 powder. 


l|lb powder. 


lib powder. 1 


85 
85 
85 


Veloc. 
1813 
1748 
1686 
1627 


Ditb 

65 
62 

59 


Veloc. 

1676 
1618 
1562 
1508 


Diift. 

58 
56 
54 


Veloc. 
1506 
1454 
1404 
1356 


Oiffi. 

52 
50 
48 


Veloc. 
1306 
1259 
1214 
1171 


47 
45 
43 



193. Then, by applying to these numbers the usual the* 

otenkf r = -^r'O, where r denotes the resistance to the mid- 

die velocity v, and v' the velocity lost in thfe space J, which 
here is 85 feet, with the mean velocity t;, and b the weight 
of the ball, which in this case is 6lb l|oz, and diameter 3*55 
inches; the resistances in lbs will be as in the 2d column of 
table 1 here below, to the mean velocities exhibited in the 
first colufDn» 



Table I. 


Table II. Regular^ io lt>s and ounces. 1 


Mean 

veloc. 


Comp. 

resist. 


Regular 
veloc. 


In ounces 


Diff;*. 


2diff« 


R«gular 
resist. 


Difis. 

11-9 

12-4 

13-0 

13-4 

13-7 

I4'0 

14-2 

14-3 

14-4 

14-4 

14*3 

14-1 


2diflf8 


feet 
1193 

1237 
1283 
1378 
1428 
1480 
1535 
1590 
1647 
1654 
1717 
1781 


lbs 

115 

125 

135 

154 

160 

172 

185 

199 

214 

219 

239 

259 


feet 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 


oz 
1840 
2030 
2229 
2436 
2650 
2870 
3094 
3321 

3550 
3780 
4010 
4239 
4465 


190 
199 
207 
214 
220 
224 
227 
229 
230 
230 
229 

226 

1 


9 

8 
7 
6 
4 
3 
2 
1 

-1 
-3 


lbs 
115-0 
12i5-9 
139-3 
152'3 
165-7 
179-4 
193-4 
207-6 
221*9 
236-3 
250-7 
265-0 
279- 1 


•5 
6 

4 
S 
3 
2 
1 
1 

-1 • 



But as the velocities, in this table 1 , are at unequal inter* 
vals, ai^d the correspondent computed resistances contaih 
some few very small irregularities, the numbers are reduced, 
in table 2, \o equal intervals of velocity, differing by equal 
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differences Qf 50 feet, and the column of corresponding re- 
sistances are reduced by a due proportion, to uniformity and 
regularity, which appears by the differences in the last co« 
lumn of that table. That is, the numbers in the £d column 

. of table 2, show the true resistances sustained by a ball of 
3*55 inches diameter, when moving through the air with the 
irdocities in the preceding column, viz^ a resistance of 1840 

~oz, or 1 15lb, when moving with a velocity of near 1200 feet 

.|»er second, &c. Sec. 

The curve constructed from these velocities and resistances, 
is the curve ai, plate 2, being similar to those before con- 
structed. 

Observations on the preceding Experiments, in the year 1791, 

. with the Ballistic Pendulum. 

194. The experiments of this year were performed with 
three 6-poiinder guns, all of equal diameter in the bore, but 

. of different lengths and weights. 

The* few 6-pound balls that were fired against the ballistic 
pendulum* towards the conclusion of the last year's experi- 
ments, gave reason to hope diat the pendulum might bear 
that weight of balls ; and, by enlarging the apparatus, that 
it might even bear the shock of balls of a still larger size; 

. the experiments of this year have therefore been prosecuted 
with balls rather higher than those of 6lb weight* 

For this purpose, some pendulum blocks of wood were 
prepared, of a larger dimension than formerly, that they 
might not be perforated quite through by these heavy balls | 
with a propovtionably strong apparatus^ of iron te bind them 
together, and to susp<^nd them ; the whole amounting to al« 
most a, ton weight. 

. The three .6-paunders with wiiich these experiments were 
performed, were two short guns and a long one, the for- 
mer of equal lengths^ but differing in their weights, as 
follows* 



TRACT 34. 



IN OUNNBRT, 1791. 



I4d 



GUA ' 


Weight 


Bsre's j 


length 


diameter 


» 

Long 
Mediom 

light 


lbs 

1370 

1173 

633 


inches 
80-5 
56-65 
56.6 


inches 
3-65 
3-65 
3-65 



These weights were those of the gans alone, without, the 
iron apparatus for suspending them, when they were used ia^ 
that way, which was the same for all the guns, and weighed. 
248lb. — The bore of the guns terminated at the bottom m, 
the form of a hemisphere: and the charge ef powder wa$ 
put into very thin paper bags, shaped round at the bottonir 
so as to fit very nicely the end of the bore. The guns were 
sometimes suspended like pendulums, vibrating very freely, 
and at other times placed upon sliding carriages, to checL 
the gun's recoil, thus reducing it to a very small quantity^ 
to try if it would make any difference in the velocity with- 
which the balls might be projected. — The weight of the balla 
was usually 6lb Hoz, and their diameter 3*55. 

The states of the barometer and thermometer were takeDjt 
to judge of the effects of the weather on the powder, and od 
the resistance of the air against the balls. — The powder was^ 
proved every day by my new eprouvette, which shows very 
minute differences in the strength of the powder, and tna* 
bled ns to regulate its strength, by keeping it always to the 
same degree. And indeed it proved very fortunate that we 
had such an eprouvette to employ, as it served to detect a 
change that had been made in the powder, which we should 
not otherwise have been aware of. For, the powder that 
bad been used the year before gave only from 35 to 36 vi* 
bration of the eprouvette ; whereas that which we begaft 
with this year gave from 42 to 43, constantly; and we ex 
pected that all the remaining barrels were of the same kind | 
but this did not turn out to be the case ; for, after $omm 
day's experiments, on entering upon another barrel, we 
were surprised to find that the ejMrouvette showed it t# be 
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of much less strength*; and on trying the rest of the bar* 
rels, they were found to be all the same with this second 
one : so that the first barrel of this year, had been a sin* 
gle one, of a greater strength, that bad accidentally been 
placed with the rest. As we had made a considerable pro- 
gress in the experiments, it wa^ material to find a powder 
of precisely the same strength with that we had last been 
tisihg. But, as this was not to be found among these bar- 
tehy in their present state, we had recourse to the expedient 
of sifting some of the large grains out of the general mass, 
and, repeating the operation,^ we found the remainders gra- 
dually increase in strength, till at length the eprouvette 
showed the small grains to have the same strength, viz, be- 
tween 42 and 43, as the former kind ; a practice which we 
continued ever after. And thus the eprouvette not only de- 
tected a mistake, which would otherwise have spoiled the 
whole year's experiments, but also enabled us to discover a 
-method of preparing a kind of artificial powder, to match 
the former. 

195. The chief object of the experiments was, again fur- 
^r to ascertain the resistance of the air, by discharging 
these larger balls, as formerly the smaller ones,' against 
the pendulum from different distances, and observing how 
much velocity was lost by flying through several spaces 
of air. Though, several other objects were also proposed, 
and attended to^ in the progress of the experiments ; such 
as, the effects of either suspending the guns like a pendu* 
kim, or stopping their recoil ; also the effect of different 
weights and lengths of guns ; and the effect of the different 
charges of powder. The penetrations of the balls, in the 
blocks of elm w6od, it was also proposed to attend to : but 
these turned out so deep, that a piercer could not be found 
long enough to reach the ball within the block, though it 
was sometimes introduced as much as 26 inches ; so that the 
ball^ must have penetrated upwards of 29|- inches, in the so^* 
Ud wood, as the ball's diameter was more than 9 inches and 
»half« 
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In the tajblds at art. 191, 192| 198> arci given general ab* 
stracts of the results of the experiments) being the mediums 
of the best jrq«nds with-.the idifFerent charges, distances, &c, 
as computed from the ex^periments, and »U reduced to the 
suae ciixuin«tances, viz. 



Ball's weight - 
Ditto diameter 
Eprouvette 
Barometer 



6lb lioz, 
3*55 inches 
43 
30 



By comparing together the effects of the medium and 
light guns, of equal length nearly, it.^ippears that there is n^ 
sensible difference between their Felocities with equal charges 
of powder^ though the one gun weighs nearly double of the 
other: whence it may be inferred, that their di&rence ia 
weight has no sensible effect on the ball's velocity.-^ And the 
same thing happens by comparing together the velocities^ 
Hvhen the gun is suspended like a pendulum, vibrating freely 
when 6red^ and when it is mounted on a sliding carriage 
which can recoil but very little, or even when the recoil is 
wholly prevent(^*-r— It also appeals that the velocities arising 
froiii the firing of different .charges^ are,ne4rly in the propoc<p 
tion of the square roots of ^he quantities ^r weights of pow- 
der.— By comparing together the long gun, of 80 inches 
b(Mre,.and the short ones, of 56, it appears that there is but 
little gained in velocity, in comparison, of the length,; the 
gain in velocity by the long gun being only from 1^7 ^/t; of 
the whole. 

The comparison between the long and short guns being 
settled, the experiments were prosecuted with the long 
•gun only, as sufEcient for determiniog the other points of 
jenquiry. 

196. It appears, from the table of velocities, with which 
fthe balls strike the pendulum from different distances, that 
•they continually decrease as those distances increase ; their 
idififereuces showing t;be quantity of velocity lost by passing 
through certain splices of air ^ from which losses of velocity 
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the quantity of the air's resistance is computed, by a theo- 
rem adapted to th^t purpose. 

By comparing the velocities of the long gun and one of 
the short ones, with equal charges of powder, but at different 
distances, it may be observed, that the greater velocity of 
the long gun is very soon reduced, by the air*s resistance, to 
an equaUty with that of -the short one at its least distance ; 
and that this equality takes place the sooner as the charge of 
powder is smaller. Thus, in the greatest or Sib charge, the 
long gun's velocity is reduced to that of the short one, when 
it has parsed through only 95 yards; but in the 2lb charge, 
in the space of 67 yards; the l|^Ib charge in the space of 
SO yards ; and the lib charge in the space of about 38 yards : 
which fully accounts for the small advantage in the ranges of 
shot by a considerable increase in the length of the piece ; 
and also how very subject to error any decision must be, in 
determining the velocities corresponding with certain lengths 
of piece, which is founded on their respe<]Aive ranges ; since 
the irregularities in the shot's flight, addeii to the above- 
mentioned circumstance, must render them very uncertain 
criteria, in all cases where high velocities are concerned. 

The tables also furnish a further confirmation of the small 
advantage, in point of range, that is obtained, by increasing 
the charge beyond what is necessary to communicate a cer- 
tain velocity to the ball ; since the increased resistance to 
high velocities, operates so powerfully, that it is very soon 
destroyed, or greatly reduced. 

Further, by a proper cpmputation from the quantity of 
velocity lost in the several distances^ the resistance of the air 
to a ball. of 3*55 inches diameter, moving with several veloci- 
ties, will be as shown in the last table in art. 193, where it 
may be observed that the columns of resistances have pro- 
perties similar to those that have been before remarked on 
the experiments with the smaller balls; which is further re- 
tnarkable, as, upon trial it is found, that the resistance^ 
against the different balls| with equal velocities, are very 
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nearly in the proportion of their surfaces, or, which is the 
same thing, as the squares of their diameters, being but very 
little higher, as might be expected. And this circumstance 
is a proof both of the accuracy or regularity of the experi- 
ments themselves, and also of the theory of the resistances of 
the medium, in this instance. 



TRACT XXXV. 



OV A NEW OCNPOWDBR BPROtrTETTE. 

1 

I 

' Art. 1. In the latter part of the preceding tract, it has 
appeared that the eprouvette,* which bad been used, proved 
of very essential service to the success of the experiments 
there described; so much so indeed, that, but for the use of 
it, the object of the experiments would have been in a great 
measure defeated, as no other known eprouvette could have 
been safely substituted for it, or have sufficiently answered 
the purpose in hand. It may be important here to give a 
description of the structure and- use of this eprouvette, 
which ma}^ be of great and general benefit, wherever the 
quality of gunpowder is to be ascertained, as I know of no 
other machine by which that object can be effected, with so 
much ease and certainty, and dispatch; the facility and 
quickness of execution being such, that the weighing the 
parcels of the powder is the chief part of the operation ; and 
the accuracy and uniformity are such, that a number of suc- 
cessive trials do not commonly differ by more than a small * 
fraction of a degree, out of an extent of 40 or 50 degrees 
on the instrument. 



■ 
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Q. Tfie principle of this machine is remarkably simple ; 
being nothing more than a small gun or mortar^ suspended 
on an axis, which being .charged with a small quantity of 
powder, without ball, and fired, the degrees of its Vibration 
or recoil are easily measured, which give the quality or 
strength of the powder. The idea of this simple and accu- 
rate eprouvette was first started by the celebrated Mr. Ro- 
bins, in bis tracts on Gunnery, where be justly mentions it 
io very high terms. An eprouvette .was afterwards, I be-^ 
Iieve,'inade on this principle, and probably from this notice, 
by the French chemist M. Baume. It was described and 
represented, it seems, in bis Chemistry, but in a form so very 
incommodious, as to render the beautiful simplicity of its 
principle of little use. My construction is totally different, 
is extremely easy and convenient, and has nothing in conii- 
moD with the former, but Mu Kobins's prinpipl^ of an os- 
cillating recoiL 

3. The idea of this machine was suggested to Mr. Robins 

by the various experiments he m^de on the force' of fired 

gunpowder, especially with his ballistic pendulum ; and the 

occasion of my own machine being made, was as follows. 

Having bad the honour to accompany Major (now General) 

Congreve, on several trials of experiments, to ascertain the 

strength of gunpowder, by means of different eprouvettes ; 

who being commonly unsatisfied with the methods and in-r 

strmncfits employed, and being always anxious to make im* 

provements in every thing relating to 'the line of his profes*. 

sion arid duty, he was pleased to urge me, by repeated re»- 

quests, to turn my thoughts to the subject of the eprou-r 

vettes, and to endeavour to improve them, or to invent one, 

that might be at once, if possible, correct, as well as easy 

and expeditious in its operation. In one of our conversa 

tions on this subject, lie showed me the drawing of an eprou^ 

vette, which be informed me was described and represented 

in'M* Baumfe's Che'mistry, for the purpose of proving guur 

powdfer. 1 immediately recognized this machine as acting 

on the same principle as that of Mr. Robins, which had 
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been published more than 40 years before ; but 1 soon per- 
(Qeived also, that Baunie's machine was very ill adapted, both 
for convenience, and for accuracy of results, 

4. In consequence of such communications, after various 
projects and essays, I at length succeeded to my utmost 
wishes, in accomplishing the project of a permanent eprou- 
▼elte, by means of which, gunpowder may be proved, not 
only in an easy, commodious, and expeditious manner, but 
also' with accuracy and . uniformity of results; as has been 
verified on many occasions, by very numerous trials, and by 
the general approbation of all the most competent and dis~ 
interested judges, who have been witnesses of the experi- 
ments made with it. This machine may be described as 
consisting of either a small .brass mortar, or gun, suspended 
by a metallic stem or rod, turning by an axis on a firm and 
strong frame, by means of which the piece oscillates in a 
circular arch. A little below the axis, the stem divides into 
two branches, reaching down to the gun or mortar, to which 
the lower ends of the branches are firmly fixed, the one near 
the muzzle, and the other near the breech of the piece. 
The upper end of the stem is firmly attached to the axis, 
which turns very freejy by its extremities, in the sockets of 
the supporting frame ; by which means the gun and stem vi- 
brate together in a vertical plane, with a very small degree 
of friction. The piece is charged with a small, but proper 
quantity, of the powder to be proved, without any ball, and 
then fired ; by the force of which the piece is made to re* 
<;oil or vibrate, describing an arch or angle, which will be 
greater or less, according to the quantity or strength of the 
powder. * 

' 5i To measure the quantity of this recoil or vibration, 
and consequently the strei^gth of the powder, a circular bra- 
zen or rather silvered arch, of a convenient extent, and of a 
radius equal to its distance below the axis, is fixed against 
the descending two branches of the stem, and graduated intd 
divisions, according to the purpose required to be answered 
by the machine, viz, into e^ual parts, if we would know oniy 
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the angle of vibration^ as measured by the simple equal de^ 
grees of a circle ; or into unequal parts according to the chords^, 
or to the versed sines of the arcs, to measure either the ve- 
locity of the vibration, or the force and strength of the pow- 
der r the arch in my instrument had all those three scales of 
divisioifts on it- The divisions in these scales, answering to 
the angle of any recoil, are pointed out by a concentric in« 
dcx^ fitted on the axis of vibration, by means of a round hole 
or socket^ with which it embraces pretty closely the round 
part of the axis of the stem, but capable of being turned ea* 
sily about it by the band. By means of a spring, the round 
end or socket of this instrument is pressed sideways, along 
the direction of the axis, always moderately tight against the 
socket of the stem, which is firmly brazed to the same axis ; 
thus connecting the index and the stem slightly, together; by 
which means, these two always vibrate in conjunction with 
the arch,, unless when the index is stopped by some obstacle. 
When the machine is^ at rest, and the index brought to point 
to the beginning of the divisions on the arch, an additional 
piece fixed on the index bears against a stop-bar, fixed across* 
the.frame' of the machine ; so that, when the powder is fired^ 
the gun and arch together vibrate backwards, leaving the . 
index at rest, bearing still against the stop, and the divisions 
of tlie arch passing by it, till the gun has recoiled to the ut- 
most extent that the force of the explosion can impel it : 
the% returning again, it brings the index along with it (be- 
cause of their friction in consequence of the pressure of the 
spring) still pointing to the proper recoil division on the arch, 
showing the extent of the vibration j which^ on gently &top« 
ping the vibrations, is easily read off, and noted do^vix 

l6» The circumstances which are peculiar to this eprou-- 
vette, and by which it differs from all others, as far as known 
to me,, are as follow. 

1st. The convenient manner of placing the arch, which 
|[neasures the recoil, below the axis of the machine. 

^nd. The divisions on this arch being made, not only 
according to equal degrees, but also according to the chords 
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and versed sines of the recoil, by which the true propor- 
tions of the velocities, of balls, or the strength of powder, is 
fbown. 

3rd. The manner of af/plying the index, making it l)ear 
with a gentle pressure against the side of the socket of the 
stem, by means of a spring, and fixing it by a stop, while 
the gun and arch make the first or greatest vibration back-- 
wards. 

7- In the course of the year 1783, I procured to be exe- 
cuted in London^ by skilful artists, under my direction, two 
of these eprouvettes. The first was a small model in brass^ 
with a small gun of about 6 inches in length ; which, not- 
withstanding the diminutive size, [jerformed very satisfacto- 
rily, being charged with proportionably small quantities of. 
powder. The other was a machine executed in wood, and of 
the full intended size, the gun nearly fii feet in length ; being 
intended to serve as a pattern, by which to construct the 
I^ge machine in metal. Both these machines were placed 
in the grand Artillery Repository, under the care of Major 
Congreve, in Woolwich Warren, now called the Royal Ar- 
senal. From this wooden pattern, the complete machine 
was soon afterwards constructed in metal, in Major Con- 
greve's office, at my request, by order of the Duke of Rich- 
mond, then Master General of the Ordnance; who was also 
pleased to give orders that it should undergo proper trials, 
and the results to be reported to him ; which was done^ac- 
cordingly^ with very general satisfaction and approbation, 
• by the board of field-officers. This machine, after many 
useful experiments had been made with it, was also placed 
in the Repository, beside the former models, to be in readi- 
ness for use on any occasion that might occur ; but where 
they were mostly destroyed, together with most of the other 
contents, whfen that ndble institution was unfortunately con- 
sumed by fire in the year 1802. I trust however that a new 
one may have been since constructed, and placed in the New 
Repository in the Barrack Field, as a substitute for the for- 
mer, for the good of the service. 
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8. Comtniclion and Description of the Fibrating 

Eprouvette. 

Plate 3 shows the machine, and its several parts, in various 
positions, as fitted np M'ith a brass gun^ the length of which 
was 27i inches, the diameter of its bore being 1*7 inc. and 
consequently capable of receiving an iron ball of near 11^ 
ounces in weight : the dimensions of all the other parts may 
be measured by means of the annexed scale of feet and 
inches. In the plate, fig. 1 exhibits a side view or elevation 
of the machine at rest, with its stand or support. Fig. 2 is a 
front view of the same; fig. 3 a perspective view, with the 
gun having vibrated backwards ; fig. 4 is an orthographic 
projection of the frame or stand, as seen by an eye pfaced 
vertically over it ; and fig. 5 shows some of the parts sepa- 
rately. 

Fig. 1 then exhibits the manner of suspending the gun by 
its axis ; of connecting it to the two steel branches a, f , of 
the stem; as also of the quadrant cd, to the same, with its 
index^ifg*; where ^^ is the part of it which rests upon a stop 
or small bar (Jcl in fig. 4) fixed across the upper part of the 
stand. 

In fig. 2 are seen some of the same parts, with the steel 
axis At, upon which the gun and arch vibrate. 

Ih fig. 3 are seen the same things, each denoted by the 
same letters as in all the other figures. 

In fig. 5 are exhibited the steel axis hi^ the axis,^^, of the 
arch, with the part or arm eg^ which rests on the stop part 
kl^ to prevent the axis from recoiling back with the gun in 
the first vibration, and having two open notches near the end 
fy for viewing the different lines of divisions on the limb of 
the arch : w, », show the socket and spring, for producing 
the gentle pressure of the socket e of the index, against the 
socket of the axis, by means of the key p behind it. 

9. Though the machine is here represented as fitted up 
with a small gun, it is to be understood that it may be equally 
well made with a small mortar^ or a very short gun ; which 
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will probably be more convenient in several respects, as the 
shortness will render it easier to load and clean, as well a$ 
more commodions in the act of vibrating ; besides, the actioa 
of the fired gunpowder on h may be considered as only one 
single impulse, in which case the strength of the powder may 
be considered' as proportional to the velocity given to, the 
piece, and which therefore will be proportional to the chord 
of the angle of vibration, and may thus be measured and es« 
timat^ by it; and hence this one line of divisions only, 
viz, the line of chords, is all that may be necessary to be 
drawn upon the limb of the arch. 

10. To construct the line of Chords en the Arch. 

The radius efy of the arch to measure the vibration, it may 
be convenient to make of about 12 inches in length ; aiid 
the extent of the arch itself erf, about a quadrant or quarter 
of the circle. From the centre e, with the radius of 12 inc, 
suppose, scratch a quadrantal arc, along the face cd of the 
instrument, upon which arc the lengths of all the chords are 
to be laid down, the divisions of which will not be at equal 
distances, or of equal lengths,' after the manner of the equal 
degrees on arches, but will continually decrease from the 
beginning, where they are largest, all the way to the end, 
where they are smallest. Probably the best way of laying^ 
down the divisions, will be as follows : 

Take in the compasses the whole extent of the quadrantal 
arch, from tlie beginning at c, to the end at rf, having mark- 
ed those two points, either by dots or short transverse lines. 
Lay that extent, which will be the chord of 90 degrees, upon • 
a straight line, drawn on some plate of metal, or other hard 
and smooth plane surface. Divide this right line into as 
many equal parts, as the divisions of the intended chords on 
the arch are intended to be, as for example 100 parts, which 
will probably be a convenient number, or sufficiently nume- 
rous. Then transfer these divisions, from the beginninsr of 
the line, to the arch, alwa3^s from the beginning at r, to the 
extent that e^cb may reach to along the arch, observing that 
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every chord must commence at th& point c ; viz, first lay off 
every 10th division in the following msinner : Take the ex- 
tent from the beginning of the line to the 10th division, and 
transfer it to the arch, by placing one foot of the compass 
on the beginning at c^ turn the other round to the arc that 
was described, with which make there a mark, for the lOtb 
chord division. Next take with the compass the extent of 
the first 20 from (he divided line, and transfer it to the arc 
from the beginning at c. In like manner transfer all the 
other extents of complete tens, viz, 30, 40, 50, 60, 70, 80, 
90, each extent from the beginning of the arc and of the di- 
vided line. In the same way transfer any of the intermediate 
series from the divided line to the described arc, every ex- 
tent always commencing at the beginning of the line and arc, 
as the series 5, 15, 25, 35, 8cc, to 95. After the same man- 
ner let all the other intervals, from the beginning of the line 
and arc, be tran5ferred, as 2, 4, 6) 8, 8cc, to complete the 
division of the arc to every 2 on the chords; or the whole 
series 1,^, 3, 4, &c, to complete it to every single unit of 
the chords, if the space will allow of such mtinute divisions: 
lastly, number the divisions at every 5, with the numbers, 5, 
10, 15^> 20, 25, &c, to 100, which will complete the arch to 
measure the velocity of the recoiling gun, and the strength 
of the fired powder. . 

11. Remarks and Directions for using the Eprouvette. 

This eprouvette, it may be remarked, is not confined to 
any one particular size, or even shape, as it may be either a 
short cannon or a mortar, the latter probably the best ; and 
these maybe either small or large. . The present instrument, 
with a small cannon, is to be considered only as a model of 
the cannon sort, to be used and charged with 2 or S ounces 
of pow^der, and with which a multitude of experiments have 
been made, with perfect satisfaction; the results, even from 
this size, being remarkably regular. If it be desired to try 
large charges, then a larger mortar or gun may be employed 
in the same way ; but the present small one is quite sufficiently 
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accurate and regular. Though tiie experiments that have 
been tried with this eprouvette, have mostly been made 
with 2 ounces of powder^ as a convenient medium charge ; 
yet it is equally accurate with either more or less than that 
quantity ; and it is remarkable that it shows the slightest va- 
riation that has been made, either in the strength or the quan- 
tity of the powder. 

The instrument is so expeditious, siqiple, and easy in 
practice, that any common soldier, or other person, can 
learn the use of it completely in five minutes, employing it 
with safety and expedition, ahd setting down a register of 
his trials. So that, we have thus united in the same machine, 
the valuabk qualities of accuracy, uniformity, ease, and ex- . 
pedition.. 

The machine can easily be made too by any artist, from 
the preceding descriptiop of its construction. Or it can be 
executed at home, and sent to distant places, namely, the 
small parts of it, and there fixed to any small mortar or swi- 
vel gun. 

In the use of this instrument, for the constant regular 
practice of proving gunpowder, a certain mark or number, 
of the divisions on the arch line, may be fixed on, as a 
standard for the strength of the powder : which mark, or 
number of divisions, may be ascertained by charging it with 
any powder of approved strength or quality. And when 
once that mark or number is known, the machine will uni- 
formly rise to the same place, at every trial, either accurate^ 
ly, or within a small fraction, with the same quantity and 
strength of powder. But should any other quality of pow- 
der be used, the machine will show the difference in its 
strength, with the utmost nicety, whether above or below 
the proof. 

12. To practise with this eprouvette; charge it with two 
ounces, or any greater or less quantity of powder, put in 
loose, without using any bag or cartridge, and without any ' 
ball, in the following manner. Pour the powder carefully, 
into the ladle ; then^ as the piece hangs at rest in the hori*" 

VQL. in. M . 
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zontatpobitifen, introduce the ladle with the powder carefully 
into it 9 to the very bottom of the bore ; as the ladle lies in 
this state, let an assistant push the gun gently forward a lit* 
« tie, to raise the muzzle higher than the breech, and while he 
supports it in this position, turn the ladle of powder half 
round, to let the powder drop all out in the bottom of the 
bore; after which, draw^out the ladle, and introduce the 
other or flat end of it, with which press the powder lightly 
all together in the bore, and then let the gun gently down 
again into the barizontal position. 

13. After the gun has been thus charged with the ppw- 
der, and before firing it, the index must be set exactly to the 
beginning of the divisions on the arch. Xbis is done, by 
first setting it near the mark with the hand, and afterwards 
bringing it exactly to it, by means of a screw in the other 
end of the index, above the stand^of the machine at g^ in 
this manner : with one hand press the upper or screw-end of 
the index down upon the bar of the stand, and at the sanra 
time with the other hand turn the screw backward or for- 
ward, ^nd you will perceive the lower end of the index aty, 
by that means, move slowly backward or forward, till it 
come exactly to the beginning of the divisions, 

14. Before firing the powder, observe to have the socket 
of the index e^ which fits upon the horizontal axis of the ma^ 
chine, always pressed to it with a moderate degree of fric* 
tioD ; so that it may not sensibly obstruct the vibratory re* 
coil of the gun, and yet that the index may keep any posi* 
tion you give it, without slipping from the arch or the axis, 
as tjie gun returns again from the first vibration. 

15. ^fter the piece has been charged with the powder, 
and the index set exactly to the beginning of the divisions 
on the arch, as before described, it is to be fired by means of 
a thread of quickr match in the following nianner: take 
»bout 3 or 4 inches of fine quick-ma1;ch, and introduce one 
end of it into the vent till it touch th^ powder in the bore, 
leaving the reotainder to hang loose on the outside ; then 
iet fire^ to this with the port-fire, plucking this quickly away. 
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test it should b^ stru^ by th^ stem that suspends the ^ud, 
which would somewba^t check the recoil. After the ^un re- 
turns from the recoil, stop tl^ vibrations gently, without 
toucbing the index, and \pqk what division on the arch the 
ii^ex points to, Qt stands at, which nuipaber will show ^he 
strength of the change. For more satisfaction, th^ same fire<i 
charge may be repeated two or three times, and the medium^ 
of all the numbers taken for the strength of the charge. 
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RESISTANC2 OF THS AIB PBTBRMIV;E1D ^T T^^ ^^TH^RLINa' 

MACltlNS. 



Art. 1. The method of determining the resji/jtance of 
the air, as detailed in T^^ict 34, by firing canpon balls into 
the ballistic pendulum, it was found by experience could 
only be practised with the higher velocities; since, with those 
that are below 300 in a second, th^ balls cpuld (lardly ever 
be made to lodge in the block, but rebounded back, find thus 
defeated the success of the experiment. To get the resist- 
ances then to the smaller velocities, I had recourse to another 
method, viz, to that of Mr. Robins's whirling- machiqe, one 
of which I was fortunate enough to meet with ready made, 
being probably the identical one with which he made his ex- 
periments, or at le^st it was made by the same workman, 
under the directions of Mr. Ellicot. 

2. With this machine, Mr. Robins made msLuy experi- 
ments before the members of the Royal Society, with the 
view chiefly of confirming these two propositions: " 1st. 

M 3 
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That the resistance of the air to a 12lb iron ball, moving 
irith a velocity of 25 feet in a second , is not less than half an 
ounce avoirdupois. 2dly. That the resistance of the air, 
within certain limits, is nearly in the duplicate proportioo. 
of the velocity of the resisted body." This machine is de 
scifibed in the first volume of his Tracts, page 202^ &c; 
•*^hence I shall here borrow the description, nearly in bis 
own words. 

8. The two propositions above-mentioned, Mr. R. there 
says, ** are in themselves neither unknown nor doubtful; 
but yet, as they are the basis of some other assertions, 
which have been hitherto constantly contested and denied, I 
thought it requisite to evince their veracity by more unques- 
tioned and simpler methods, than have been hitherto prac* 
tised : for this purpose, I therefore caused a machine to 
be made of the form represented in plate 4, which was 
most excellently executed under the direction of Mr. Elli- 
cot, and was completely fitted for the use intended, by 
many contrivances, some of them not shown in the drawing, 
nor necessary to be particularized in this place. For, it is 
sufficient, for the purpose of the following experiments, to 
describe its general fabric, by observing that bcde is a brass 
barret moveable on its axis, and so adjusted by means of 
friction wheels, which are not represented in the drawing, 
as to have no friction worth attending to. The frame, in 
which this barrel is fixed, is so placed, th^t its axis may be 
perpendicular to the horizon. The axis itself is continued 
above the upper plate of the frame, and has fastened on it a 
light hollow cone afg: from the lower part of this cone 
there is Extended a long arm of wood gh, which is very 
thin, and cut feather-edged, and at its extremity there is a. 
contrivance for fixing on the body whose resistance is to be 
investigated, as here the^ globe p ; and, to prevent the ^rm 
OH trom swaying out of its horizontal position, by the 
weight of the annexed body p, there is a brace ah of fine 
wire fastened to the top of the cone, which supports the end 
of the arm. 
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** Round the barrel bcde th^re is wound a fine^ silk line, 
the turns of which appear in the figure, and after this line 
has taken a su£Sicient number of turns, it is conducted hori-> 
zontally to the pulley l, over which it is passed, and then a 
proper weight M is hung to its extremity. If this weight be 
left at liberty, it is obvious, that it will descend by its own 
gravity, and will by its descent turn round the barrel bcds, 
together with the arm gh and the body p fastened to it. 
And while the resistance on the arm gh and the body p is less 
than the weight m, that weight will accelerate its motion, 
' and. thereby the motion of gh and p will increase, and con- 
sequently their resistance will increase, till at last this resist-* 
ance and the weight m become nearly equal to each other. 
The motion with which m descends, and with which the body 
p revolves, will not sensibly differ from an equable one. 
Whence it is not difficult to conceive, that by proper obser- 
vations made with this machine, the resistance of the body p 
may be determined. 

4. ** The most natural method of proceeding in this in- 
vestigation, is as follows. Let the machine have first ac- 
quired its equable motion (which, as wiifl hereafter appear, 
. will be usually attained in 5 or 6 turns from the beginning) 
and then let it be observed, by counting a number of turns, 
what time is taken up by one revolution of the body p ; then 
taking off the body p and the weight m, let it be examined, 
what smaller weight will make the arm gh revolve in the 
same time, as when p was fixed to it ; this smaller weight 
being taken from M,'the remainder is obviously equal in ef- 
fort to the resistance of the revolving body p; and' this re- 
mainder being reduced in the ratio of the length of the arm 
to the semi«-diameter of the barrel, will then become equal 
to the absolute quantity of the resistance. And as the time 
of one revolution is. known,. and consequently the velocity 
of the revolving body ^ there is thereby discovered, the ab- 
solute quantity of the resistance to the given body p, moving 
with a given degree of celerity. 
5. << And note; t|3at to avoid all exceptions, I have gene- 
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rJilly chote, yvhtti ihe body p was removed, to fix in its stead 
k tbiti piece of lead of the same weight, placed horizontally; 
^o that the weight, which was .to turn rotmd the arm oh 
without the body p, did also carry found this piece of lead. 
This Idid, le^ it ^ould be objedted' that the body p retard- 
'ed the weight m by its quantity of matter, as well as by its 
Y^sistance. fiat mathematicians will easily allow, thdit there- 
p no niecefssity for this precaution. 

6* ** The measures of the parts of this machine, were as 
follow : 

laches. 

^' The diameter of the barrel bcDE, ^and of the siJk 
%trlifg woiind round it, wds -------- 2*06 

'* Thfe lengtfi of the arm t3H, 'meaLsured from the= 
'axis to the liurfecfe of the globe p, was ----- 49*5 

** The body p, the globe made use of, was of paste- 
board ^ its surface very neatly coated with marble pa- 
per, and was not much distant from the size of a I2lb 
rfiOt, being in diameter --------- 4*5 

** So that the radius of the circle described by the 
ieentreofthe glo9fe, was ---------51^75 

7. " When this globe was fixed at the end of the arm, and 
a Weight of half a pound was bung at the end of the string 
at M ; it was examined, how soon the motion of the descend- 
ing weight M, and of the revolving globe p, would become 
'equable as to sense. And with this view 3 revolutions being 
^ciffered to elapse, it was found, that 

The next 10 were performed in - 2*7''|. 
20 in less than ^ " ^ 55 
- 30in - - - - - - S2i 

So that the first 10 were performed in 27^ 
2nd 10 in - - - - - 27f 

Srd loin 27i 

" These experiments sufficiently evince, that even with 
half a pound, the smallest weight hereafter naed, the motioa 
of the machine was sufficiently equable ilfber the first S revo- 
lutions.' 
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8. " And now, to prove the two foreaientioncd proposi- 
tions, the following experiments were made 5 the times mark 
ed down being observed by several stop*watcbes^ which rare^ 
ly differed half a second from each other. • 

*^ The forementioned gU)be being fixed at the eod of the 
jLTOif there was hung on in the situation m a weight of 3^lb, 
and 10 revolutions being suffered to elapse, the suoceedii^g 
20 were performed in 2l"i. 

'^ Then the globe being taken off,andatbin plate of lead> 
equal to it in weight, plac^ in its room ; it was fouiid, that 
instead of 3^1b, a weight of lib would na^k« it revolve m 
less time than it did before, it performing 20 revolirtiQiv^ 
after 10 were elapsed, in the space of 19 seconds. 

^^ Hence then it follows, that from the S^lb first hungfOrB^ 
there is less than lib to be deducted for the resistance on the 
arm, and consequently the resistance en the globe itself is 
not less than^ the effort of 2^1b in the situation m ; ^nd.it ap^ 
pearing from the former measures, that the vadius of .the bar- 
rel is nearly -^ part of the radius of the circle described by 
the centre of the globe ; it follows, that the absolute resist- 
ance of the globe, when it revolves 20 tij^es in 2l"i (which, 
if computed by the measures given above, comes out a ire- 
' locity of about 25^ feet in a second) it follows, I say, that 
the resistance of the globe in this case is not less than the 
^ part of 2}lb, or than the ^ part of 36 ounces :, and this 
being considerably more than half an ounce, and the globe 
being nearly the size of a 12-pounder; it irrefnagably coa- 
firms our first proposition, ' That the resistanice of die air 
to a 12lb iron bullet, moving with a velocity of 25 feet in a 
second, is not less than half an ounce avoirdupois.' 

9. ** The next ^experiments were made with a view of 
examining the 2nd proposition. And, for this purpose, 
there were successivjely hung on, in the .situation m, weights 
in the proportion of the numbers, 1, 4, 9, 16; and letting 
10 revolutions first elapse, the observations jom those that 
follow, were as follow. 
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« With lib, the globe went 20 turns in 54"^ 

that is, it went 10 turns in 27^^ 

With 2lb, it went . . 20 turns in 27^. 

With 4ilb, it went . . 30 turns in 27f 

With 8lb, it went . . 40 turns in 21^ 
f* So tliat it appears, that to the resistances of the propor- 
tions of the numbers 1, 4, 9, 16, there correspond velocities 
of the resisted body, in the proportion of the numbers 1, 2, 
8, 4 ; which proves with great nicety, within the limits of 
these experiments, the 2nd proposition, ^ That the resist- 
ance of the air, is nearly in the duplicate proportion of the 
Telocity of the resisted body. That is, it is 4 times as much, 
when the resisted body moves with twice the velocity; B 
times as much, when it moves with 3 times the velocity, and 



so on*. '* 



lO, Having thus given Mr. Robins's description of the 
whirling-machine, and the experiments that he performed 
wfth it, which will serve sufficiently to bring us acquainted 
with the nature of it ; proceed we now to take account of 
my own numerous and varied experiments made with the 

tame, in the years. 1786 and 1787. The machine having 

been cleaned, and put in proper order, so as to cause it to 
act very perfectly; I procured to be made three hemi- 
spheres of pasteboard, of different sizes ; both to try the re* 
sistance to bodies of difierent magnitudes, and the difference 
of resistance between the, plane circle and the convex side 
ef the hemisphere. The weight and dimensions of these 
three hemispheres were as below. 



1 

2 
3 


Diam. 
inches 


Area of circle, in 


Weight, 
oz dr 


sqr. inc. 


sqr. feet 


4-75 

51 

6-375 


17-7 
21*2 
32*0 


z 
T 

•9- 


2 5 
2 11 
4 3 



Having made also three small and thin bits of lead, shaped 
feather-edged, to fix on the arm in a horizontal position^ 
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when each hemisphere was taken off, to find the resistance 
to the arm, and to obviate any objections, for the same rea^ 
son as Mr- Robins had done before ; the arm was fixed on, 
with the brass wire, strained from the top of the axis to the 
en() of the arm, to sustain it in the horizontal position. 

May 1, 1786, 

1 1. Began to take the necessary dimensions of the parts of 
the machine. Measured the diaiiieter of the axis two different 
ways, and each way several times over, taking a mean of 
them all. One way was by means of a sliding shot-gage, 
which measured diameters very nicely to hundredths of an 
inch, by taking the diameter between two parallel arms, 
made to slide along a stem, divided into inches and.lOthd, 
and these into lOths again, or the whole into lOOths of 
inches, by means of a nonius. In this way I took, several 
times over, and always the same, the diameter of the bare 
cylinder, without the silk thread wrapped, and then again the 
diameter including the silk thread on both sides, which is 2 
diameters of the thread more than the bare cylinder; viz, • 
'Diameter of the cylinder alone .... 2*06 inc» 
Ditto and double diam. of the thread . . 2*1 1 
Tberef. diam. of cyl. and 1 diam. of thread 2*085 
And radius to middle of the thread . . I *042 
The other way was, by making the machine turn round 
exactly a certain number of times, and measuring the space 
descended by a weight at the end of the thread, as it un- 
wound from the cylinder ; then the space so descended be- 
ing divided by the number of turns, gave the length of one 
round or circumference of the cylinder and thread ; and this 
again divided by 3*14169 gave the diameter of the cylinder 
and thread included. This operation being often repeated,, 
and always nearly the same, the medium of all gave for the 
diam. of cyl. and thread '2 092, therefore the radius of the 
8ame is 1'046, which is only '004? part of an inch more than 
that by the former method ; and the medium of the two ia 
1-044. 
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May 2, 1786. 

Barometer 3005; Thermometer 51. 

12. Measured from the axis of the cyltndcr to the centre 
of each hemisphere, when fitted on the arafi, aod found tbea 
as below, on the line of radii ; thence are found the follow- 
ing lines of circumferences, &c. 





NM. 


N"2. 


N^3. 




inc. 


inc. 


inc. 


Badii . • 


52-42 


52-74 


53*34 


Diams. . . 


104-84. 


105 48 


106-68 


Circum. 


329*36 


331-38 


335-14 


Ditto feet . 


27*47 


27'62 


27-SfS 


Ratio of radii 


50-2 


50-5 


51'1 



The last line being the ratio of each of those radfi to that 
of the barrel and thread r044, or the former divided by the 
Jatter. 

The hemisphere n* 3 was then fitted on, and actuated by a 
small weight of only l|oz, or loz 12dr, that is l-|oz sus- 
pended at the end m of the thread ; opposing first the round 
side to the air, and then the flat side ; when the number of 
rounds, and corresponding times, were observed as follows, 
both now, and in all the other experiments, by stop-watches, 
and a peculiar -clock made for the purpose. 
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Hemisphere n^ 3, with Weight at m = 28 dr = 1 oz 12 dr. 



Plane Side Foi>^most. 



Turns 



I 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
U 
12 
13 
14 



Time 



Diffs. 



» « 1 1 ■ — fc»^p— 



1 

I 
T-g- 

or 1-552 ft. 



0'27' 

•' 47 
^ I 6, 

• 24 

• 42 

2 

• 18 

• 36 

• 54 

3 121 

• 30i 

• 48 

4 . 5 

• 22\ 



20 

19 
18 
18 
18 

is 

18 

18 

I8i 

18 

Hi 

17 

17i 



Convex Side Foremost, 



Turns 



3 

6 

9 

12 

15 



3 
1 

3 

2-349 ft. 



Time 



0' 59' 

1 37 
£ 12 

2 47 

3 22 






35 
111 

1 

1 



Diffs. 



S8 
35 

35 
35 



means 



I 



18 
1 
1 



means 



Noiey that the resistance 
of the arm is still wanted to 
be deducted from these re- 
sistances, and then to be 
rediaced from the circum- 
ference of the barrel to the 
centre of the hemisphere. 



In these tables, the first column contains the number of 
turns made by the arm ; the 2nd the corresponding times 
elapsed from the beginning ; and the 3rd shows the differ- 
ences of those times, answering to the differences of theturns 
in the first column. 

May, 3, 1786. 

Barometer 29*63 ; Thermometer 51. 

!3. Fitted on the arm the thin bit of lead only n** S, of the 
«ame weight with the largest hemisphere; and after some 
time spent in levelling the instrument, (which was alwayg 
done) suspended different small weights at the end of the 
thread, to discover which weight would give to the arm the 
jame velocities as it bad^on the day before, when the hemi- 
sphere was on. It was foiiiid that it required about 10 dram* 
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just to overcome the friction and vis inertia, and give a small 
motioA to the machine. With 12 drams the average of the 
turns was from IH to 12" each, being nearly the same velo- 
city as the convex side of the hemisphere had with the 
weight of 12 drams. But with the weight of 1 oz 8 dr 
= 24 dr, the average turn of tlie arm this day was made in 
about 6". Here then each turn is made in about 12" with 12 
dr weight, and in about 6" with 24? dr; that is, in this case, 
the double weight carries it about in nearly half the time. 
And hence it may be inferred, that a weight of about 8 dr 
would carry it round once in 18'% being the time of revolv- 
ing the day before, with the plane of the circle foremost. 

Hence then 16 dr or 1 oz, which is the difference between 
28 and 12, is the reistance of the air, measured only at 
the circumference of the barrel, against the convex side of 
the large hemisphere, moving with a velocity of 2'394 feet 
in a second; and 20 dr, or \^ oz, being the difference be- 
tween 28 and 8 dr, is the relative resistance of the air 
against the plane side, moving with a velocity of 1*552 feet 
per second. And each of these divided by 51*1, will give 
the absolute resistance acting at the centre of the body. 

May 4, 1786.. 

Barometer 29*47; Thermometer 51. 

14. Tried several weights actuating the hetijisphere, with 
the plane side foremost, to give it the same velocity as on the 
2nd of May, with the convexity foremost, viz, the medium 
of 1 turn in 11* seconds. In each trial, the motion became 
uniform after the first two or three turns; after which, it 
was permitted to go 12 times round, and the time noted 
down at every round. The differences of these tinies com- 
monly agreed with the mean time, to half a second or less. 
But the mean time itself was very accurately obtained, by 
dividing the whole observed time of the equable rounds, by 
12, the number of them. Which* operations, with the times 
and weights employed this day, are as follows. 
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Actaating 


Time of 


Time of 


weights 


12 turns 


1 tuin 


oz dr 






2 8 


158" 


13"i 


2 9i 


1464 


12 » 


2 104 


142 


lU 


2 11 


141i 


11^ 


2 12 


140 


llf 



Hence then, with the velocity of I turn in 11|. sccondi^, 
the arm and plane side of the body are resisted with the 
force or weight of 2 oz 12 dr ; but, on the 2d of May, the 
resistance to the arm and round side of the body was 1 oz 
12 dr; and, on the* 8d of May, the resistance to the arm 
alone was 12 dr; all with the same velocity nearly. Sub- 
tracting now 12 dr, the resistance on the arm, from each of 
the other two, there remain 2 oz for the resistance to the flat 
side, and 1 oz nearly for that on the convex side ; the latter 
being nearly the half only of the. former, and therefore, in 
this case, nearly agreeing with the theory. 

Dividing now this 2 oz by 51*1, the ratio of the radii of 

' go 

the barrel and centre of the body, there results 77;= *039 oz, 

for the absolute resistance of the flat surface of a circle, 
moved perpendicularly through the air, with a velocity of 
2*394 feet in a second, the area of the circle being 32 square 
inches, or ^ of a square foot. 

May 8, 178$. 

Barometer 29*66 ; Thermometer 56.* 

15. Tried several diflerent weights, to bring the large 
hemisphere flat side,* also the arm without it, to revolve each 
time in 10 seconds* Then again, the same body, both sides 
foremost, and the arm alone, all in 8 seconds, each turn; 
The particulars are as follows. 



n* 
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Fo! iU sccoiuis. 




Jfoj 8 set 


onds. 1 


Weights 


Plane pkle 


Arm 


only 


Weights ^*!*P« 


Round 
side 


Arm 
alone 

• 


12 turns 


I turn 


V2 tuis 


i tin 




side 


oz dr 

3 


140" 


101 


tt 


II 


i 10 


8" 


// 


3 2 


126 


lOi 






'6 


. 7 






3 4 


123 


10^ 






8 


6 






3 5i 


120 


10 






2 2 


. 


10 




,1 






lOS 


9 


2 14 




8 




14 
15. 




- 


132 
120 


11 
10 


1 3 
18 






8 



. In the latter of these two tables, the first cotuoou sl^ow^ 
the actuating weights, and the other three colutnr^s the nvtvBt^ 
ber of seconds, a): a medium, in which 1 revolution w^s 
made, 'with each of the two sides of the hemisphere,, and the 
lead alone. 

Now, by deducting each weight without the heiBisphprc, 
from the corresponding weight with it, there rentain the 
weights for its two sides^ as below. 

For 8 ^Gc; 



r 
3 



For 10 sec. 
A., 



5% 



15 
2 61 



2 2 
0J5 
~3 



4 
I 



10 
3 



2 14 
1 3 



1 11 



Where the former is nearly double of the latter, in ^ch 
ease, agreeably to theory. 

May 9, 1786. - 

Barometer 29'56 ;' Thermometer 55, 

16. Useu the large hemisphere with the round side fore- 
most. The weights and times of each revolution a# belqw*. 









t 










Weight 


Time 


Weight 


Time 


Weight 


Time 


Weiglit 


Time 


oz di 


sec. 


oz dr 


sec. 


oz dr 


aec 


OK dr 


tflC. 


4 10 


5-^ 


6 


4* * 


7 12 


4^ 


12 7 


3,'t 


4 9- 


H 


6 5 


4J 


8 1 


Vt 


12 10 


Si 


4 11 


5i 


7 


44 


11 5 


H 


13 


3i 


5 IQ. 

■ 


5 


7 8 


4i ^ 


12 


3^T 
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May 10, 1786. 
Barometer 2&'60 ; Tliermooiet^r 



17. The large hemisphere with the round side again. The 
motion was always uniform after tlie first or second turn. 
The number of turns always 15, and the medium of tlnj last 
12 uniform turns is set down here below opposite the cor- 
responding weights, the same as was done every day, and 
the titles of the columns being the same as in the foregoing 
table. 



Weight 


Time 


Weight 


Time 


Weight 


Time 


Weight 


Time 


oz dr 


sec 


oz dr 


sec 


1 
oz dr 


1 

sec 


oz dr 


sec 


8 5 


4t't 


9 11 




13 12 




15 8 


Ol o 


8 8 


4rV 


10 1 


% 8 


14 


3 


16 


9 9 


8 12 


4 


10 8 


<l 7 


14 5 


3 


16 8 


9 


9 


^T2 


11 




14 10 


2-U- 


J7 


9 9 


9 6 




13 8 3^'y 


V ^ 


pi I 


17 8 


O S 



May 11, 1786. 

Barometer 29*64 ; Thermometer 60. , 

18. The large hemisphere again with the round side 
every thing else as on the last day. 



Wt. 


Time 


Wt. 


Time 
sec 


Wt. 


Time 
sec 


Wt. 
oz 


Time 
sec 


oz 


SfC 


oz 


oz 


18 


2-67 


28 


2-12 


38 


1-79 


58 


1-46 


19 


2-58 


29 


2- 10 


40 


1-75 


60 


1-42 


20 


2-50 


30 


2- 


42 


1-75 


64 


1-33 


21 


2-42 


31 


2- 


44 


1-67 


68 


1-33 


22 


2-42 


82 


2- 


46 


1-58 


72 


1-29 


23 


2-33 


33 


1-92 


48 


1-54 


76 


1-25 


24 


2-25 


34 


1-92 


50 


1-54 


80 


1-21 


25 


2-25 


35 


1-83 


52 


1-50 


84 


1-17 


26 2-25 


36 


1-83 


54 


1-50 


88 


1-17 


27 2-17 


37 


1-83 


56 


1-50 


92 1-13 



With the next weiglit, viz, 96 ounces, the silk thread broke 
twice: so that 96 oz, or 6lb, was just the limit of its strength. 
It was not woven, but only a twisted cord, framed like a rope, 
of 3 strands; and was of ^ of an inch in diameter, 
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May 15, 1786. 

Barometer 30-27 ; Therometer 62. 

19. Procured a stronger silken cord, and applied it to the 
following experiments. By measuring the diameters, &Cy 
as before, on the 1st of May, the dimensions came out a$ 
below. 

Diameter of cylinder alone . . 2*06 
Ditto and l diameter of thread , 2*086 
Ditto by descending weight . . 2*088 
Medium of both ways, is ... 2*087 
Theref. the radius is as before , 1'044? nearly. 

Then continued the last experiments, by increasing the 
actuating weight, from where they left off the last day, with 
the convex side, as below. 



Weii;ht 


Tijue 


Weight 


Time 
sec. 


—m ■ ^ 

Weight 


Time 
sec. 


Weight 


Time 


oz 


sec. 


' oz 


oz 


oz 


sec. 


96 


1*12 


108 


1-04 


116 


1 


124 


1 


100 


1-08 


112 


1-04 


120 


I 


128 


0-96 


104 


1-OS 














So that 


120 oz may be presumed to give 1 turn in I sec. 


The same continued still with the round side. 


oz dr 


sec. 


oz dr i sec. 


oz dr 


sec. 


oz dr 


sec. 


. 4 10 


5-8 


3 7 


6-9 


2 10 


8-2 


2 


10-2 


8 


3-9 


6 


7.0 


9 


4 


1 15 


6 


6 


60 


s 4 


1 


8 


6 


1 14i 


8 


4 


I 


2 


3 


7 


8 


1 14 


iri 


2 


2 


• 


5 


e 


9 


1 13i: 


3 





3 


2 15 


' 6 


5 


91 


1 13 


6 


3 14 


4 


14 


7 


4 


3 


1 \2i 


9 


. 12 


6 


13 


8 


3 


5 


1 12 


12-2 


10 


7 


12 


9 


2 7 


1 lU 


6 
13-0 


8 


8 


11 


8-0 


1 9 


1 11 



Note, That the machine made always 15 turns, and the 
lime of each turn was carefully noted. Then the time of the 
5th turn being taken from that of the 15th, left the time of 
10 turns; and this by pointing off the first figure for a deci- 
mal, gave the time of 1 turn registered in the table as above. 
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20. May 16, 1786. 
Barometer 3044 ; Thermometer 61,. 
Began with the flat side of the large hemisphere, in order 
to go regularly through all the intervals of rotation, from 12 



sec. tol sec. 



Weight 


Time 


Weight 


Time 


Weight 


Time 


Weight 


Time 


oz dr 


sec. 


oz dr 


sec. 


oz dr 


sec. 


oz dr 


StC. 


2 10 


13-1 


2 12 


121 


3 


11-4 


3 6 


10-5 


104. 


12-7 


13 


119 


1 


J 1-2 


/ 8 


JO 3 


11 


i2-5' 


14 


31-8 


2 


10-9 


10 


10-0 


Hi 


12-3 


15 


11-6 


4 


10-7 


12 


9'^ 



21. May 
Barometer 30*00 ; 



17, 1786. 
Thermometer 60. 



3 14 


9-3 


4 12 


8-3 


5 10 


7-5 


6 8 


6-7 


4 


9-1 


14 


8-2 


12 


7-4 


' 12 


6-6 


2, 


9-0 


5 


8-1 


.14 


7-2 


7 


6-5 


4 


8-9 


2 


7-9 


6 


7-1 


4 


6-3 


6 


8-7 


4 


7-8 


2 


7-0 


8 


61 


8 


^^Q 


6 


7-7 


4 


6-9 


12 


6-0 


10 


85 


>8 


7-6 


6 


6-8 


8 


6-0 



22. May 18, 1786* 
Barometer 30*13 ; Thermometer 6K 



8 4 


6-0 


I 12 


4-8 


21 


3-6 


44 


2-45 


8 


5-9 


13 


4-6 


. 22 


3-5 


48 


2-35 


12 


5-8 


14 


4-5 


! 24 


3-3 


52 


2 25 


9 


5-7 


15 


4*3 


26 


3-2 


5^ 


2-15 


8 


b'S 


16 


4-1 


28 


3-1 


60 


2-05 


10 


5-4 


17 


40 


30 


3-0 


64 


2-0 


8 


5-2 


18 


3-9 


32 


2-9 


68 


1-9 


11 


51 


19 


3-8 


36 


27 






8 


5-0 


^£0 


3'7 


40 


2-55 







23. 
Barometer 



May 22^ 1786. 
: Thermometer 



72 


1-9 


80 


1-8 


100 


1-65] 


124 


1-45 


74 


1-85 


84 


1-75 


108 


1-6 


132 


1-4 


76 


1-85 


92 


1-7 


116 


1-5 


140 


1-4 



After the last number, the thread broke with the 140 oz 
in winding up, which interrupted the «xperiment». 
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24, May 25, 1786. 

Barometer 30'20 ; Thermometer 59: 

Having completed the experiments with both sides of the 
largest hemisphere, began now the similar ones with the lead 
only of the same weight, the results of which are below. 



Weight 


Time 


Weight 


Time 


Weight 


Time 


Weight 


Tiire 


oz dr 


sec. 


oz dr. 


sec. 


oz dr 


sec. 


oz dr 


sec. 


X 


19 


1 6 


-7+ 


1 8 


H 


1 10 


5| 


1 2 


11 


1 7 


7- 


1 9 


6 


1 12 


5 


1 4 


9 















25. Mayl^y 1736. 
Barometer 30*20; Thermometer ^\. 



1 14 


50 


4 





2-9 


8 8 


1-9 


22 


1-1 


2 


4-7 


4 


8 


2-75 


9 


1-8 


24 


1-1 


2 4 


4-4 


5 





2-6 


10 


1-75 


26 


M 


2 8 


40 


5 


8 


2-45 


11 


1-65 


28 


10 


2 12 


3-7 


6 





2-3 


12 


1-55 


SO 


10 


3 


3-5 


: 6 


8 


2-2 


14 


1-45 


32 


10 


3 4 


33 


7 





21 


16 


1-35 


34 


09 


3 8 


3-1 


7 


8 


2*0 


18 


125 






3 12 


.SO 


8 





1-95 


20 


1-2 


*• 





26. Having now obtained a long series of actuating 
weights and velocities, with both sides of the hemisphere 
foremost, and with the lead alone ; a set of the correspond- 
ing ones are extracted from the whole, and arranged toge- 
ther, in the first of the following tables ; where the first co- 
lumn contains the several rates of velocity, from 3 to 20 feet 
in a second, differing always by 1 ; the next 3 columns con^* 
taining the correspondent weights acting on the axis, of 
1*044 radius, for both sides of the body and the lead. But 
the differences of these not being perfectly regular, though 
very nearly so ; correcting therefore those differences here 
and there^ by some very small fractions, and by them the few 
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irregular weights, the more accurate series of weights ara 
then arranged in the next 3 columns, which are to be con- 
sidered as the true numb,ers* Then, subtracting the- actu- 
ating weights with the lead, from each of the corresponding 
weights with both sides of the hemisphere, the differences are 
set ill the next two columns, which contain the true weights 
acting on the axis. And finally, dividing each weight foe 
the flat side, by the corresponding weight fbr the round side, 
the quotients are placed in the last column of the table, show- 
ing the ratio between the resistances on the two sides. 



Velo- 
city. 


Irregular weights. 


Regular weights. | 


Diffs. or true wts* 


Ra- 1 

tioi 


flat 


round 


lead 
OZ 


flat 
oz 


round 


lead 


flat 


round 


feet 


oz 


OZ 


oz 


oz 


oz 


oz 




3 


3-8 


2-2 


1-2 


3-8 


2*3 


1-2 


2-6 


11 


2-37 


4 


6-1 


3-4 


1-4 


6-2 


3-4 


1-4 


4-8 


20 


2-40 


5 


9-3 


4 9 


1-7 


9-2 


4*9 


1-7 


7-5 


3-2 


2-35 


6 


12-7 


6-6 


20 


12-8 


6-7 


2-0 


10-8 


4-7 


a-30 


7 


17 


8-7 


2-5 


17-0 


8-7 


2-4 


14-6 


6-3 


231 


8 


22 


11-0 


3-0 


21-9 


11-0 


2'9 


190 


8-1 


2-35 


9 


28 


13-3 


3-5 


27-6 


13-5 


3-5 


24- 1 


100 


2-41 


10 


34 


15-8 


4-2 


34-0 


16-2 


4-2 


29-8 


12'0 


2-48 


11 


40 


19 


5-2 


41-0 


19-2 


5-0 


36 


l*-2 


2-53 


12 


4S 


23 


60 


48-7 


22*6 


5-9 


42 8 


16-7 


2-56 


13 


56 


27 


6-8 


57-1 


26-4 


6-8 


50-3 


19-6 


2-57 


14 


64 


31 


7-8 


66-2 


30-6 


7-8 


58-4 


22-8 


2-56 


15 


73 


35 


8-6 


76-0 


35-1 


8-9 


67- 1 


26-2 


2-56 


16 


84 


40 


10 


86-6 


400 


10-0 


76-6 


30 '0 


2-55 


17 


101 


45 


U 


98-2 


45-3 


11-2 


87-0 


34-1 


2-55 


18 


112 


50 


12 


111 


510 


12'4 


98-6 


38-6 


.2-55 


19 


121 


57 


14 


125 


57*2 


13-7 


111-3 


43-5 


*2-56 


20 


140 


64 


fl5 


140 


64-0 


15-0 


1250 


49 


2-55 



But note, that all these weights must be divided by 51'1, 
to reduce them to the centre of the ball, 

27. By the last column it appears, that the resistance to 
the flat side, is to the resistance on the round side, ©n an 
average, as 2*48 to 1, or nearly as 2^ to 1; instead of 2 to 
1, as expected by the theory. — ^From the two columns for 

N2 
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both the flat and round sides, it appears, that their resist- 
ances increase in a ratio a httle higher than that of the 
square of the veloeity : but how much higher, will be deter- 
mined hereafter, as well as several other inferences. 

28. June 26, 1786. 

» 

- Barom. 29'96 ; Thermom. ; very warm. 

Having previously got prepared, for the remaining expe- 
riments, a flat disc, or very short cylinder, also a complete 
globe, and a cone, all of pasteboard, and of the same diame- 
ter of the preceding largest hemisphere ; I proceeded to try, 
whether a different figure hindmost, as well as foremost, 
would make any difference, and what, in the results : thus, 
the hemisphere, the cylinder, "and the cone, each with the 
circle foremost, have three different figures hindmost ; and 
vice versa: also the sphere and hemisphere, with the round 
side foremost, have different figures hindmost ; all of which 
circumstances will make a great variety of cases. Had the 
apparatus all well adjusted ; the instrument nicely levelled 
and fixed ; and had the upper pulley, over which the cord 
of the weight passed, fixed so high, as to have 30 or 40 turns 
completed, before the actuating weight could reach the floor; 
w^hich would give the medium more exactly of a great num- 
ber of rounds. The following numbers are the mediums, 
each of 30 rounds, found by subtracting the time of tjie 3rd 
round from that of the 33rd, and dividing the remainder 
by 30. — The cylinder was used this day, and consequent- 
ly a flat side both before and behind. Its weight was 5 oz 
1 dr. 



Weigh' 


'i'iinf 


1 We\oM 


Time 


Wei;;bt 


Time 


, Weight 


Time 


,oz dr 


NvC 


oz dr 


sec. 


oz dr 


SCO. 


oz dr 


sec. 


2 


1510 


3 4 


10-67 


3 12 


9-50 


4 12 


8-23 


2 2 


14*40 


3 6 


10-32 


4 


9-07 


5 


7-93 


3 


11M3 


3 8 


^•90 


4 4 


8-83 


5 4 


7-72 


:5 2 


I0-8T 


3 10 


9-73 


4 8 


8-50 


5 8 1 7-47 ] 
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29. Junt 27, 1786. 
Barom. 29*94? ; Therm. &5^ at 9 A. m. 



Weight 


Time 


Wt 


Time 


wt 


Time 


Wt 


Time 
sec. 


oz dr 


sec 


oz 


sec. 


oz 


sec. 


oz 


5 12 


7-23 


9 


5*60 


20 


3-67 


64 


1-97 


e 


7-05 


10 


5-32 


22 


3-48 


72 


1-88 


6 4 


6-87 


11 


5-02 


26 


3-20 


80 


1-80 


6 8 


6-67 


12 


4*78 


30 


2-97 


90 


1-67 


7 ' 


6-47 


13 


4-58 


34 


2-77 : 


100 


1-60 


7 8 


6-23 


14 


4-38 


40 


2-53 ' 


110 


1-53 


8 


6-00 


16 


4-10 


48 


2- 150 


120 


1-50 


8 8 


5-90 


18 


3-87 


56 


2-10 


Thread 


b roke. 



30. June 28, 1786. 

Barometer 30*06 ; Thermometer 65. 

Experiments with the whole sphere; wt, 8 oz 14 dr. 



2 


14-5 


12 


3-35 


30 


2-07 


80 


1-22 


3 


8-55 


14 


3-1 


34 


1-95 


90 


l-)5 


4 


6-75 


16 


2-85 


40 


1-8 


100 


1-07 


5 


5-75 


18 


2-7 


48 


1-65 


110 


1-02 


6 


5-1 


20 


2-6 


56 


1-5 


120 


0-97 


8 


4-3 


22 


2-45 


64 


1-4 




% 


10 


.3-8 


26 


2-22 


72 


1-3 







31. The globe required the first weight, or 2 oz, just to 
put it in motion ; and a less weight than 2 oz would not stir 
it at all. This was owing probably in part to the great 
weight of the globe, which Was made of very thick paste- 
board, and partly to the great length of the silk cord, be- 
tween the barrel and the weight, at first to be moved, which 
was not less than 23 feet in length. These extra weights 
causing greater friction and resistance on the machine, it 
was to be expected that the times of revolution, with the 
same actuating weights, would be greater, and considerably 
so when those weights should be very small; but that the 
difference would gradually diminish as the weights increase; 
till at length they might become insensible, if the difference 
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of shape in the afterpart of the figure should not make some 
sensible difference; a circumstance still remaining to be 
tried. Accordingly, the experiments show this to be pre- 
cisely the case, the difference in the times of revolution, be- 
tween the globe and the hemisphere, being considerable with 
the small weights, but gradually and continually decreasing, 
so as nearly to vanish, in comparison with the whole times. 
So that it appears there is almost no difSsrence, whether a 
flat side or a round one is hindmost, at least none that is 
very sensible in the swiftest of these velocities. Those that 
are set down above, are the mediums of the last 20 revolu* 
tions with each weight. Where it is to be noted, that, by 
mistake in measuring, the centre of the ball was placed ^'^ > 
of an inch too near the axis ; so that the times should be a 
very little more than are here set down, viz, more in the 
proportion nearly of 53^ to 53^, which however will not sen- 
sibly alter them, 

32. June 29, 1786. 

ft 

Weather much the same as yesterday. 

Used the cone this day. Its weight was 8 oz 6 dr, and 
Its height 64. inches, being rather more than its diameter, 
which was 6\y being the same diameter as the former figures. 
Tried it with the vortex foremost this day, as follows. 



' / 



Wt. 


Time 


Wt, 


Time 


Wt. 


Time 


Wt. 


Time 


oz 


sec. 


oz 


sec. 


oz 


sec 


oz 


sec. 


2 


13*50 


8 


4-42 


18 


2-80 


48 


1-65 


3 


8-65 


9 


415 


20 


2-67 


56 


i'52 


4 


6-^5 


10 


3-87 


24 


2-40 


64 


1-42 


5 


5-97 


12 


3-57 


28 


2-17 


72 


1-35 


6 


5-30 


14 


3-25 


32 


2-07 


€0 


1-30 


7 

<^ . ■ ■ 


4-77 

1 


16 j 


3-00 


40 


1-85 


100 


117 



33. It was found that 2 oz was the least weight that 
would give motion to the machine.— •By comparing these 
numbers with those of the day before, for the globe, it ap- 
pears that the times to day are nearly equal to, but somewhat 
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greater than, those of the former day; and consequently, 
that the resistance on the convex surface of the cone, is 
nearly equal to, but rather greater than, that on the globe 
or hemisphere, the diameters being equal, but the height of 
the cone being a little more than double the height of the 
faemisphere. 

S4. 'The following experiments were next made with the 
base of the cone foremost. 



wt. 


Time 


Wt. 
oz 


Time 


Wt. 


Time 


Wt. 


Time 


oz 


sec. 


sec. 


oz 


sec. 


oz 


sec. 


12 


4-95 


24 


3K) 


48 


2-3'7 


12 


1-93 


16 


4-25 


30 


,3-05 


56 


2-20 


80 


1-85 


20 


3•^7 


40 


2-60 


64 


2 02 


100 


1-65 



Thpse times are rather higher than those of the cylinder. 
But the cone was rather the heavier, and their after parts 
different. 

35. June 30, 1786. • 

Barom. 30*02 ; Therm. 64, at 9 a. K. 

Put on the smaller hemisphere, the flat side to go fore- 
most, in order to compare with the large one, to try if the 
resistance be as the surface, when the axis or radius is the 
same. The flat surface of this hemisphere is equal to -| of a 
square foot, but that of the large one f , their proportion be- 
ing as 16 to 9, the radius of the small one's path 52*42, pf the 
large one 53*34 ; the compound ratio of the surface and 
path or radius, being 16 X 53-34 to 52*42 x 9, viz, 38 to 21 
nearly, or as 11 to 6, but not quite so near.— Note that 6 dc 
just gave motion to the machine. 



I 
2 
3 
4 

5 
6 



21*80 

10*82 

7*70 

,6*47 

5-61 

5*15 



7 


4*67 


20 


2*65 


56 


1*57 


8 


4-35 


24 


2*45 


64 


1-45 


10 


3*90' 


28^ 


2*25 


72 


1*40 


12 


3-50 


32 


2*10 


80 


1-32 


14 


3*25 


40 


1*82 






16 


3-00 


48 1 1*67 1 
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The following were with the lead only, of the same weight 
with this small hemisphere, viz, 2 oz 5 dr. 



VfU 


Time 

1 


Wt. 


Time 


Wt. 


Time 


Wt. 


Time 


oz 


sec. ! 


oz 


sec. 


oz 


sec. 


oz 


sec. 


1 


8-10 i 


2i 


3-55 


4 


2-40 


8- 


1-60 


H^ 


6-00 i 


2^ 


3-30 


H 


2-25 


9 


1-50 


U 


4-95 


H 


3-10 


5 


2-10 


10 


1-40 


H 


43.5 


3 


2-90 


6 


1-90 


11 


1-30 


2 


3*80 


34 


2-€0 


7 


1-70 


12 


1-25 



36. Jul}/ Oy 1786. 
Barom. 30-32 ; Therm. 66, at 4 p. m. 

Made a thin leaden weight of 8 oz 10 dr, being only 4 dr 
more than the cone, and 4 dr less than the whole globe, so 
that it nearly agrees with both. Experiments with it as 
below. 



Wt. 

oz dr 


Time 


Wt. 


Time. 


Wt. 


Time 


Wt. 


Time. 


seov 


oz dr 


?*cc» 


oz dr 


sec. 


oz dr 


sec. 


1 8 


9-0 


2 8 


4-2 


4 


2-8 


7 


2-0 


1 10 


7-0 


2 10 


4-0 


4 4 


2-7 


8 


1-8 , 


1 12 


6-4 


2 13 


3-8 


4 8 


2^65 


9 


1-7 


1 14 


5-9 


3 


3-6 


4 12 


2-6 


10 


1-6 


2 


5-3 


3 3 


3-4 


5 


2-5 


11 


1-5 


2 2 


4-9 


3 6 


3-2 


5 8 


2-4 


12 


1-4 


2 4 


'4-6 


3 9 


3-0 


6 


2-2-J- 


13 


1-35 


2 6 


4-4 


3 12 


2-9 


6 8 


2-1 


14 


1'3 



37. The latter part of the preceding numbers in the times 
being I6ss than those for the less weight, on May 24, I re- 
peated the experiments with this weight, of 4 oz 3 dr, to get 
the times for it more exactly. The reason of this difference 
is, that the arm went only 15 times round in descending on 
that day, but here 35 times round, the times tliminisl^ing a 
little, all the way tb the end, ?tnd the times here are the 
meains of the last 10 rounds out of the- 35, which are much 
mor^ exact. 
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Weight 


Time 
sec. 


Weight 


Time 


Weight 


Time 


Weight 


Time 


oz dr 


oz dr 


sec. 


oz dr 


sec. 


oz dr 


"CCt 


2 


4-6. 


3 8 


3-0 


7' 


1-9 


12 


1-3 


2 4 


4-2 


4 


2-7 


8 


1-75 


13 


1-25 


2 8 


3-85. 


4 8 


2-5 


9 


1-6 


14 


1-2 


2 12 


3-5 


5 

6 


2-3 


10 


1-5 


y 




3 


3-3 


2-1 


11 


1-4 . 







38. July 6, 1786. 
Experiments continued, with the wt. 4 oz 3 dr. 



1 

1 



4 


10-8 


1 


6 


8-4 


1 


8 


7-0 


1 


12 


5-8 


5 


9-8 


1 


7 


7-6 


1 


10 


6-4 


1 


14 


5-3 



The following with the Cone, the base foremost, tb complete 

the set. 



4 10 


96 


5 8 


8-2 


9 


5-95 


100 


1-6 


4 le 


9-3 


6 


7-7 


10 


' 5-55 


110 


1-55 


4 14 


9-1 


7 


6-95 


12 


5-05 


. 120 


1-5 


5 


8-9 


8 


&3 






\ 





When 120 oz was near the bottom, the cord broke. 

* 39. Thus the coiirse of the experiments being now pretty 
fully extended to various shapes and dimensions of figures, 
we may next bring into one point of view the weights for all 
the kinds of figures, and for all the velocities, from 3 to 20 
feet per second. And first the irregular numbers just as they 
were experienced. 
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Experimentei Velocities and Weights, 



Vo \ " 1 1 


Great UemU . 


Small 


Lead 


Lead 


Lead 


ve- 

k>c. 
[per 


Cooe, 8 oz 6 dr 


Whole 
globe 


Cylin- 
der 
5oz Idi 


sphere. 
■ 4 oz 3 dr 


Hemis 

2oz5di 


I. 

8 oz 


II. 

4 oz 


III. 

2 oz 


IJcc. 
ft. 

3 


Vertex base 


8oz I4d 


round 


tiat 


flut 


10 dr 

1-4 


3 dr 


5 dr 


2*9 


4-7 


2-8 


3-5 


2-2 


3-8 


2-4 


1-3 


0-9 


4 


40 


6-9 


S9 


6*0 


3-4 


6-1 


3-6 


1-6 


1-5 


1-1 


5 


5-4 


9-9 


5-2 


90 


4-9 


9-2 


51 


1-9 


1-8 


1-4 


6 


T3 


13-7 


7-1 


12-5 


6-6 


12-8 


7-1 


2-2 


2-0 


1-7 


1 


9-5- 


18-0 


9-2 


16-8 


8-7 


170 


9^5 


2-6 


2-4 


1-9 


8 


12-5 


22-9 lL-3 


21-8 


11-0 


22 


12-0 


3-1 


2-8 


2-3 


9 


15-1 


290 140 


27-6 


13-3 


28 


15 1 


3-5 


3-3 


2-7 


10 


18-0 


35-6 16-7 


33-5 


\y^ 


34 


18-3 


4-0 


3-8 


3-1 


11 


21-8 


41*7 20-7 


39-7 


19-0 


40 


22-0 


4-4 


4-4 


S'6 


12 


25-2 


49-9 24-0 


47-0 


23 


48 


26-4 


5-8 


5*1 


4-1 


13 


28-8 


58-2: 28 


54 


27 


5(> 


30-7 


6-2 


5-7 


4-7 


14 


34-5 


65-8i 32-0 


62 


31 


64 


34-9 


7-0 


6-5 


5^5 


15 


30-3 


78-0 37 2 


72 


35 


73 


ss-e 


7-7 


7-2 


6-2 


16 


44-0 


90 


42-7 


84 


40 


84 


43-7 


' 8-5 


8-0 


6-8 


17 


48-6 


101 


48-5 


95 


45 


101 


50-4 


9-5 


8-6 


7-6 


IR 


54-2 


110 


53-3 


109 


50 


112 


5T3. 


10-5 


9-4 


8-5 


19 


60-0 


126 


58-4 


125 


57 


121 


62-7 


11-3 


10-3 


9-3 


20 


66-3 




64-0 




64 


140 


72-0 


12-0 


ll'O 


10-0 



40. But as there are some small irregularities in a few df 
these ijumbers, as appears by taking their differences; by 
correcting these differences so as to make them regular, and 
then by them correcting the few irregular actuating weight*, 
the more correct table of those numbers will be as follows- 
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Table of Regular Achuiting Weights and Velocities^ 



Ve- 

loc. 
pel* 
sec. 

feet 
3 


Cone, 8 oz 6 dr 


vVhole 

g!ob€ 
8 oz 
Udr 

2-8 


Cylin- 
der, 
5 oz 
Idr 


Large Hemi- 
sphere, 
4 oz 3 dr 


Small 

Hemis. 

2oz5dr 

flat 


Lead 

I. 

8 oz 
10 dr 


Lead 

*"• 

4oz 
3dr 


Lead 
IIL 

2 OB 

5dr 


Vertex 


6a sa 


round 


flat 


2-9 


4-7 


3-5 


2-2 


3-8 


2-4 


1-4 


1-2 


1-0 


4 


4-1 


7-2 


4-0 


6-0 


3-4 


6-3 


3-6 


1-6 


1-4 


1-2 


5 


5-5 


10-2 


54 


9-0 


4-9 


9-3 5-1 


1-9 


1-7 


1-5 


6 


7*2 


13-7 


70 


12-5 


6-7 


12-8 7-0 


2-2 


2-0 


VS 


1 


9-2 


17-8 


9 


16-6 


8-7 


16-9 


9-2 


2-6 


2-4 


2-1 


8 


11-6 


22-5 


11-3 


21-3 


11-0 


21-6 


11-7 


3-0 


2-8 


2-5 


9 


14-3 


27-9 


.140 


26-7 


13-5 


27-0 


14-6 


3-5 


3-3 


2-9 


10 


n-3 


34-0 


17-0 


32-8 


16-2 


33-1 


17-8 


4-0 


3 '8 


3-4 


11 


20-7 


41-0 


20-4 


89-6 


19-2 


40-0 


21-4 


4'6 


4-S 


8-9 


12 


24-4 


48-6 


24' 1 


r 47-2 


22-6 


47-6 


25-4 


5-2 


4-9 


4-4 


13 


28-4 


57-0 


28-1 


55-6 


26-4 


560 


29-7 


5-9 


5-5 


5-0 


14 


32*8 


66-2 


32-4 


64-8 


30-6 


65 2 


34-4 


'6-6 


6-2 


5-6 


15 


37-5 


76-2 


37-1 


74-8 


35-1 


75-2 


39-4 


7-4 


6*9 


6-2 


16 


42-6 


87-2 


42-1 


85-8 


40-0 


86-2 


44-8 


8-2 


7-6 


6-9 


17 


48'0 


99-2 


47-5 


97-8 


45-3 


98-2 


50-5 


9-1 


8*4 


7-6 


18 


53-8 


112-3 


53-3 


110-9 


51-0 


111-3 


56-6 


10-0 


9-2 


8-4 


19 


60-0 


126-5 


59'5 


125-1 


57-2 


125-5 


63-1 


u-o 


10-1 


9*2 


20 
: 


66-6 


141-8 


66-0 


140-4 


63-8 


140-8 


70-1 


12-0 


11-0 


10*0 



- 41. Then, by subtracting the numbers in the last three 
columns of the leads, from those of their corresponding 
bodies, the remainders will show the regular set of resistances 
to the respective figures, as in the following table. — -The co- 
lumn of numbers to be subtracted from that of the cylinder, 
which weighed 5 oz 1 dr, was deduced, by pmportion, from 
the last column but one of the preceding table, which has 
the lead nearest of the same weight with it. 
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Table ofRegtdar Mean Resistances to several Figures. 




Veloc. 
per 
sec. 

3 


Small 

Henus. 
flat 


Cone. 


Whole 
Globe 


Cylin- 
der 


Large Hemis. 


Ratio 
of flat 




Vertex 


Base 


convex 


flat side 


to 
round 




1-4-^ 


1-5 


3-3 


1-4 


2-4 


1-1 


2-6 


2-36 




4 


2*4 


2-5 


5^6 


2*4 


4-6 


2-1 


4-9 


2-33 




5 


3-6 


S-6 


8-3 


3-5 


7-3 


3-2 


7-6 


2-38 




6 


5-2 


5-0 


11-5 


4-8 


10-5 


4-7 


10-8 


2-30 




7 


7-1 


G'6 


15-2 


6-4 


14-2 


6-3 


14-5 


2-30 




8 


9-2 


8-6 


19-5 


8-3 


18-4 


8-2 


18-8 


2-30 




9 


11-7 


10-8 


24-4 


10-5 


23-3 1 


10-2 


23-7 2-32 




10 


14-4 


13-3 


30-0 


13-0 28-9 1 


12-4 


29-3 


2-36 




11 


17-5 


16-1 


36-4 


15-8 


35-2 


14-9 


35-7 


2-40 




12 


21 '0 


19-3 


43-4 


18-9 


42-2 


17-7 


42-7 


2-41 




13 


24-7 


22-5 


51*1 


22-2 


500 


20-9 


50-5 


2-42 




14 


28-8 


26-2 


59'6 


25-8 


58-5 


24-4 


59-0 


2-42 




15 


3S-2 


30-1 


68-8 


29-7 


67-8 


28-2 


68-3 


2-42 




16 


37-9 


34-4 


79-0 


33-9 


78*0 


32-4 


78-6 


2-43 




17 


42-9 


38*9 


90-1 


38-4 


89-2 


36-9 


89-8 2*43 


■ 


18 


48-2 


43-8 


102-3 


43-3 


101-5 


41-8 


102-1* 2-44 




19 


53-9 


49-0 


115-5 


48-5 


114-8 


47-1 


115-4 ! 2-45 




20 


60-1 


s^^e 


129-8 


54-0 129-2 1 


52 8 


129-8 2 46 





Here, besides the columns of experimented resistances, in 
avoirdupois ounces and tenths, for each figure; another co- 
lumn is added at the end, showing the ratios between the 
correspondent numbers in the two next preceding columns, 
being the resistances for the round and flat sides of the large 
hemisphere ; which ratios are found by dividing always the 
greater numbers by the less; showing that they proceed al- 
ways increasing a very little, as the velocity is increased ; 
the medium among all these being 2*4, instead of 2 only, as 
expected by the theory of resistances to such figures. But 
as part of this ratio may be owing to the different shape of 
the after or hinder sides of the figures, the more correct 
comparison would be between either the whole sphere and the 
flat side of the large hemisphere, or the cylinder and the 
round side of the same large hemisphere, in both of which 
cases the after parts would be of the same shape, and then 
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the medium ratio would be near 2*3 to 1. — After, all, it is to 
be observed, that the numbers in the preceding table denote, 
not the true measure of the resistances, but only the weights 
acting at the circumference of the barrel or axis, while the 
real resistance of the air acts on the body at the extremity 
of the arm. To obtain the true resistances then, those num« 
hers must be all divided by the ratios of the corresponding 
radii or distances at which the weight and. the resistance act, 
viz, by 50*2 for the small hemisphere, and by 51*1 for all 
the other figures, as determined on the 2nd day of May; 
this being done, the true measure of the resistances will be 
as in the table below, for all the velocities from 3 to 20 feet 
per second of time. 

42. Table of the true Resistances to the Figures in Ounces. 



Veloc. 
per 
sec. 


Cone. 


Whole 
globe 


Cylin- 
der 


Hemisphere, j g 


»mall 
em is. 

aat 


Ijidex of 
the power 
of the ve- 

lo2:ity. 


Vertex 


Base 


flat 


JM 
round 


feet 


oz 


oz 


oz 


oz 


' oz 


oz 


oz 




3 


'028 


•064 


•027 


•050 


•051 


-020 ' 


028 




4 


•048 


•109 


•047 


•090 


•096 


-039 


'048 




5 


•071 


•162 


•068 


•143 


•148 


-063. 


■072 




6 


•098 


•225 


•094 


•205 


•211 


•092 ' 


•103 




7 


•129 


•298 


•125 


•278 


•284 


•123 


•141 




8 


•168 


•382 


•162 


•360 


•368 


•160 


184 




9 


•211 


•47S 


•205 


•456 


•464 


•199 


•233 




10 


•260 


•587 


•255 


'565 


'573 


-242 


•287 




11 


•315 


•712 


•310 


•688 


•698 


•297 


•349 


2-049 


12 


•376 


•850 


•370 


•826 


•836 


•347 


•418 


2*042 


13 


•440 


rooo 


-435 


'979 


•988 


•409 


•492 


2-036 


14 


•512 


1-166 


•505 


1^145 


M54 


•473 • 


573 


2^031 


15 


•589 


r346 


•581 


1-327 


1-336 


•552 ' 


661 


2-031 


16 


•673 


1-546 


•663 


1-526 


i-538 


•634 * 


754 


2-033 


n 


•762 


1-763 


-752 


1^745 


r757 


•722 • 


853 


2-028 


18 


•858 


2-002 


•848 


1-986 


r998 


-818 • 


959 


2-044 


19 


•959 


2^260 


•949 


2-246 2-258 


•922 r 


073 


2-047 


20 


1'069 


2-540 


1-057 


2^528 


2^542 


1033 1' 


196 


2051 


Propor. 
Numb. 


126 


291 


124 285 


288 


119 ] 


140 


2-040 
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Where the numbers placed at the bottom . of all the co- 
lumns, denote the general mean proportions of their resist- 
ances to one another, from the velocity 10, to each of the 
following ones. 

Note. . The general mean height of the barometer wtis 
90*1, and of the theitoometer 62**; in which circumstances 
therefore, the ratio of the weight of water to air, was as 
840 to 1, or the cubic foot of air weighed nearly 1^ oz 
ayoirdqpois. 

It may be repeated also, that the diameter of the small 
hemisphere was 4|^ inches, and consequently the area of its 
base, or great circle, was 17^ square inches, or | of a square 
foot nearly. But the common diameter of all the other fi- , 
gures was 64 inches, and therefore the area of the circular 
base, was just 32 square inches, or |^ of a square foot. Also, 
the altitude of the cone was Q\ inches ; its side is therefore 
incUned to th^ axis in an angle of 28^ Ai2\ 

43. From the preceding table of resistances, several prac- 
tical inferences may be drawn ; such as the foHowing. 

(1). That the resistance is nearly as the surface^ the re- 
sistance increasing but a very little above that proportion in 
the greater surfaces. Thus, by comparing together the 
numbers in the 6th and 8th columns, for the bases of the two 
hemispheres, the areas of which are in the proportion of < 

17|. to 32, or as 5 to 9 very nearly ; it appears that the num* 
bers in those two columns, expressing the resistances, are i 

nearly as 1 to 2, or as 5 to 10, as far as to the velocity of | 

1^ feet; after which the resistances on the greater surface 
increase gradually more and more above that proportion ; 
and the mean resistances are as 140 to 288, or as 5 to 10^, < 

so far as these experiments have been extended. Nearly 
the same proportions result from the comparison of the num- i 

bers in other columns with similar surfaces. Now, the ratio 
of the surfaces being that of 5 to 9; and the ratio of the re- 
sistances as 5 to lOf ; it appears that the latter exceeds the 
former in the ratiio of 9 to lOf, or of 1 to 1^; or of 7 to 8. 
Hence then, to find the resistance to any surface, from hav- 
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jng given that of a similar ^smaller one, with an equal velo- 
city ; first raise the given resistance in the proportion of the 
less surface to the greater ; then increase the result by f 
part, or in the ratio of 7 to 8, which will give the resistance 
for the larger surface, nearly. And, reverse wise, to find 
the resistance on a smaller body, from that of a like larger 
one, with equal velocity.— Wq shall afterwards enquire 
whether this proportion will answer in very high velocities 
also. 

(2). The resistance to the same surface, with different ve- 
locities, is, in these slow motions, nearly as the square of the 
velocity; but gradually increasing more and more above 
that proportion, as the velocity increases. This will ap« 
pear, on trial, from all the columns; and the index of the 
power of the velocity is set down in the last column, for the 
resistances in the 4th column, for the whole globe, by com- 
paring that for the velocity 10, with each of the following 
ones, 11, 12, 13, &c; where, after the first three or four, 
the numbers gradually and slowly increase, and would doubt- 
less Continue to do so to a very great extent. The medium 
among those here set down, is 2*040; whence it appears, 
that in these slow motions, the resistance to the same body, 
is nearly as the 2*04 power of the velocity, or indeed as the 
square of it nearly. 

An easy method of determining 
tliose indices, is as follows: Make a 
small tablet, asin the margin, placing, 
in the first column, the velocities 
from 10 ; in the 2nd column the cor- 
respondent resistances from any co- 
lumn of the former table, as suppose 
those for the whole globe. Then, 
to fill up the 3rd column, put r= 255 
the first resistance, t^ = any other, as 
the 2nd 310 ; and x = the required 
index of the power of the velocities, 
which shall be proportional to the resistances; that is, so as 



Veloc 

10 


Resist. 


Index 


255 


( 


11 


310 


2049 


12 


870 


2-042 


13 


435 


2036 


14 


505 


2-031 


15 


581 


2031 


16 


663 


2033 


17 


752 


2-038 


18 


848 


2*044 


19 


949 


2-047 


20 


1057 


2051 
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that 10*: II':: r:r'. Dividing the first two terms by 10, 
and the latter two by r, the proportion becomes 1 : I'l' : : 1 : -. 

r' 

consequently I'l* = -; the logarithm of this is jr x log. !•! 

s= log. r' — log. r; and hence x z= . ^^' ~ "^ ^ = 2*049, 

by using the aforesaid numbers for r and r'. In like man- 
ner, taking, in the denominator of the general expression for. 
Xy the successive numbers 1*2, 1*3, 1*4, &,c, to 20 ; and in 
the numerator the successive values of r, viz, 370, 435, 8cc, 
that of r being constantly = 255 ; all the numbers in the 
8rd column will be easily found. 

(3.) The round ends, and sharp ends, of solids, suffer less 
resistance than the flat or plane ends, of the same diameter : 
thus, the cylinder, and the flat ends of the hemisphere -and 
cone, have more resistance than the round or iharp ends of 
the same. But the sharper end has not always the smaller 
resistance: thus, the round side of the hemisphere has less 
resistance than the pointed end of the cone. 

(4.) When the hinder parts of bodies are of different forms, 
the resistances are different, though the fore parts should be 
exactly alike and equal; owing probably to the differeut 
pressures of the air, on the after parts. Thus, the resist- 
ance to the fore part of the cylinder, is less than that on the 
equal flat surface of the cone, or of the hemisphere ; because 
the hind part of the cylinder is more pressed or pushed for- 
ward, by the following air, than those of the other two 
figures : also, for the same reason, the base of the hemisphere 
shows a less resistance than that of the cone, and the round 
side of the hemisphere less than the whole sphere. 

(5.) The resistance on the base of the hemisphere, is to 
that on the convex side, or on the whole sphere, nearly as 
2| to 1, instead of 2 to 1, as assigned by theory. And the 
experimented resistance, in each of these cases, is nearly ^ 
part more than that which is determined by the theory. 

(6.) The resistance on the base of the cone, is to that on 
the vertex, nearly as 2*3 to 1. And almost in the same ratio 
is radius to the sine of the angle of inclination of the side of 
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the cone to its path or axis. So that, in this instance, the re- 
sistance is directly as the sine of the angle of incidence, the 
transverse section being the same. 

(7). Hence may be determined what will be the altitude 
of a column of air, whose pressure shall be equal to the re- 
sistance of a body, moving through it with any velocity. Thus, 
Let a = the area of the section of the body, similar to any 
of those in the table, perpendicular to the direc- 
tion of motion ; 
r == the resistance to the velocity in the table ; and 
a; = the altitude sought, of a column of air, whose 
base is a, and its pressurie r. 
Then ax = the content of the column in feet, 
and l\ax or ^ax its weight in ounces ; 

therefore |^r = r, and or =2 ^ x - is the altitude sought in 

feet, namely, ^ of the quotient of the resistance of any body 
divided by its transverse section ; which is a constant quan- 
tity for all similar bodies, however different in magnitude, 
since the resistance r is nearly as the section a, as w^s found 
in art. 1. When a = |. of a foot, as in all the figures in 
the foregoing table, except the small hemisphere: then, 
X = |. X — , becomes jr = y r, where r is the resistance in 

the table, to the similar body. 

If, for example, we take the convex side of the large he- 
misphere, whose resistance is '634 oz to a velocity of 16 feet 
per second, then r = '634, and jt = ^^^r zz 2'3775fe^t, is the 
altitude of the column of air whose pressure is equal to the 
resistance on a spherical surface, with a velocity of 16 feet. 
And to compare the above altitude with that which is due to 
the given velocity, it will be 32* : 16*: : 16 : 4, the altitude 
due to the velocity 16; which is near double the altitude 
that is equal to the pressure. And as the altitude is propor- 
tional to the square of the velocity, therefore, in small velo- 
cities, the resistance to any spherical surface, is equal to the 
pressure of a column of air pn its great circle, whose altitude 
is -fl or -594 of the altitude due to its velocity. 
VOL. in. Q 
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But if the cylinder be taken, whose resistance r == l '526 : 
then X zz y r zr 5^72 ; which exceeds the height, 4, due to 
the velocity, in the ratio of 23 to 16 nearly. And the differ- 
ence would be still greater, if the body were larger, and also 
if the velocity were more. 

f 8). Also, if it be required to find with what velocity any 
flat surface must be moved, so as to suffer a resistance just 
equal to the whole pressure of the atmosphere : 

The resistance on the whole circle whose area being |. of a 
foot, is '051 oz, with the velocity of 3 feet per second ; it is 
I of -051., or '0056 oz only, with a velocity of 1 foot. But 
2i X 1S600 X I = 7555|. oz, is the whole pressure of the 
atmosphere. Therefore, as v^*0056 : V7556 : : 1 : 1162 
nearly, which is the velocity sought. Being almost equal to 
the velocity with which air rushes into a vacuum,. 

(9). Hence may be inferred the great resistance suffered 
by military projectiles. For, in the table, it appears, that a 
globe of 6|. inches diameter, which is equal to the size of an 
iron ball weighing 36lb, moving with a velocity of only 16 
feet per second, meets with a resistance equal to the pres- 
sure of |. of an ounce weight.; and therefore, computing 
only according to the square of the velocity, the least re- 
sistance that such a ball would meet with, when moving with 
a velocity of 1600 feet, would be equal to the pressure of 
4171b, and that independent of the pressure of the atmo- 
sphere itself on the fore part of the ball, which would be 
487lb more, as there would be no pressure from the atmo- 
sphere on the tinder part, in the case of so great a velocity 
as 1600 feet per second. So that the whole resistance would 
be more than 900lb to such a velocity ! 

(10). Having said, in the last article, that the pressure of 
the atmosphere is taken entirely off the hinder part of the 
ball moving mth a velocity of 1600 feet per second ; which 
must happen, when the ball moves faster than the particles 
of air can follow, by rushing into the place quitted and left 
void by the ball, or when the ball moves faster than the air 
rushes into a vacuum from the pressure of the jincumbeht 
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air; let us therefore inquire what this velocity is. Now the 
velocity with which any fluid issues, depends on its altitude 
above the orifice, and is indeed equal to the velocity acquir- 
ed by a heavy body in falling freely through that altitude. 
But, supposing the height of the barometer to be 30 inches, 
or 2i feet, the height of a uniform atmosphere, all of the 
same density as at the earth's surface, would be 2i x 13*6 
X 833^ or 28333 feet; therefore y'lS : V28333 : : 32 : 8 
v'28333 = 1346 feet, which is the velocity sought. And 
therefore, with a velocity of 1600 feet per second, or any 
velocity above 1346 feet, ibe ball must continually leave a 
vacuum behind it, and so Sust sustain the whole prelssure of 
the atmosphere on its ttlt pari, as well as the resistance 
arising from the vis 4HP^ of the particles of air struck by 
the ball. 

(11). On a review of tha^l^ole of the premises, we find 
that the resistance of the air, as determined by the foregoing 
experiments, differs very widely, both in respect to its quan- 
tity on all figures, and in regard to the proportions of its ac- 
tion on oblique surfaces, from thesame actions and resistances 
as assigned by the most plausible and imposing theojies, 
which have heretofore been delivered, and confided in by 
philosophers. Hence it may be concluded, that all the spe- 
culative theories on the resistance of the air, hitherto laid 
down, are very erroneous; and that it is. from experiments, 
carefully and skilfully executed, that a rational hppe can be 
grounded, of deducing and establishing a true and useful 
theory of the actions of forces, so intimately connected with 
the numerous and important concechs^ih human life. 

Proceed we now to relate the further progress of our ex- 
periments with the whirling-machine, on other bodies, and 
in other positions. 
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EXPERIMENTS OF THE YEARS 1787 and 1788. 

July 31, 1787. 

44. By comparing the experimented resistance on the 
vertex of the cone, with the theory, it appears that it is 
nearly equal to the resistance of the sphere; whereas, by 
the received theory, it ought to be only about \ of that of 
the sphere. I therefore this day tried these two bodies 
again, and found the results nearly the same as before. 
With the 32 oz weight, the mediums among the, times of a 
revolution, were thus : viz, ' 



This year they were^ 
for th(B cone 210'% 
for the globe 2*02 




t year they were 



% 



2*01, nearly the same. 



So that it seems difficult to accoiint for so great a difference 
between theory and experiment, in the case of the cone's ^ 
vertex, 

Atig. 5, 1787. 

Fine, clear, warm Weather, 

45. Performed experiments with the following bodies, 
and found the medium of the times of revolution as fol- 
lows. 



Urge 
aiobe 


The Cone. 


Samll Hemis. 


Lead of 
2 oz 5 di 


Tertex 

* 


base 


base 


conv. 


2" 


2-05" 


2-9" 


2-3 


1-6 


1-6 



The actuating weight was 32 oz for each figure, and 8 oz 
for the thin lead weight, the same as Jiine SO, 1786. 
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EXPERIMENTS IN 1788 WITH THE WHIRLING- 
MACHINE. 

July 23, 1788. 

46. Prepared the machine to make experiments with 
figures of shapes different from the foregoing ones. Pro* 
viding a thin rectangular plate of brass, to fix on the arm 
of the machitie ; its weight 11 oz 0|^ dr, or llyV oz, and its 
dimensions 8 inches by 4, consecjuently its area was 32 
square inches, the same as the plane surface of the cone and 
lar^e hemisphere, before employed." It was adapted for fit- 
ting on the end of the arm in both directions, viz, in the di- 
rection both of the length and of the bteadth, to try the ef- 
fect of the same surface in both positions. It was also con- 
trived to incline the surface in any degree to the direction 
of motion, to try the resistance at all angles of inclination. 
When 6tted on with its length in the direction of the arm, 
the distance of its centre, from the axis of motion, was 53| 
inches ; and the same distance also when fitted on the other 
way. 

July 24, 1788. 
Barometer 30*0 ; Thermometer 70^. 

47. Tried the experiments this day with the plane fitted 
on with its length in the direction of the arm, its centre be- 
ing distant BZ\ inches from the axis of motion. The plane 
was inclined in various angles, as expressed below; and the 
actuating weight was 32 oz or 2lb each time. 

. Table of the Times of Revolution, the Plane lengthwise. 



O^or 
hori- 
zontal 


5" 


10° 


20V 


30° 


40° 


45° 


50° 


60* 


70° 


80° 


90° 
or ver- 
tical 


1-00" 


1-17" 


1-34" 


1-67'' 


1-98" 


2-27" 


2-40" 


2-54" 2-78" 


2-94" 


fi-OO" 


3-02" 



In the first line of this table, are the angles in which the 
plane was inclined to the horizon, or to its path, sometimes 
at 5 degrees, and sometimes at 10°, difference from each 



19S 



EXPERIMENTS WITH 



TRACT 36, 






Other; the first position being 0°, or horizontal, with its 
edge to the air ; and the last ^0% or the plane vertical, with 
its face directly opposed to the path or resistance of the air. 
In the second line are the intervals of time in performing 
each revoltrtion, expressed in seconds and hundredth parts; 
each number, as usual, being a medium of several repetitions. 

Note^ The area of the plane is 32 square inches, or \ sq. 
foot, and = the circle of the large hemisphere. 

The radius of revolution to centre of the plane 53|. inches. 

Circumference described by its centre in 1 revolution 337*7 
inc. or 28*14 feet. 

Ratio of radius of axis to radius of revolution, as 1 to 
51 '31, accounting the radius of axis to the middle of the 
thread, 1044? inches. 

July'25j 1788. 

Barometer 60; 10; Thermometer 66. 

48. Used the same brass plane g^gain, set at various an- 
gles as before, but fixed on the contrary way, viz, the breadth 
or shorter dimension in the direction of the arm ; but still 
having its centre at the same distance of 53|: inches from tlhc 
centre of motijon ; to try if there be any difference by such 
• change x)f position ; the actuating weight being still the same 
32 ounces. 

Times of Revolutioriy with the PlaJie crosswise. 



0° or 
horiz. 






10' 



20 



o 



1 -OO"! 1 • 1 7 i 1 • 35" 1 '69" 2-00"l2-30 



30^ 



40' 



45* 



50« 



2-57" 



60 



2-80 



// 



70* 



2-93 



» 



80° 



3-00" 



90^ 



or 
vert. 



3-03' 



Here, as before, the first line contains the inclination of 
the plane to the direction of motion, and the second the me- 
dium times of revolution. The inclination of 43° was not 
used this day ; but it was tried in two different ways the day 
before, viz, inclined 45** backwards, thus \ , and then inclined 
45'' forward, thus/ , when the result was the same in both 
cases : whence it may be concluded, that the resistance is the 
same, whether the pJane is inclined forward or backv/ard, at 
each angle of inclination, as indeed it might be expected. 
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By comparing the experiments of this day, with those of 
the day before; it appears that the differences are very small 
indeed ; but those of this day are rather longer intervals, if 
any thing ; but the difference is so small, and doubtful, that 
the times may be accounted equal. 

49. After the above experiments, the following course 
was then instituted with a thin bit of lead, on the end of the 
arm, equal to the weight of the brass plane, and which, its 
resistance being very small, will give nearly the weights to 
be deducted from all the above, on account of the friction 
of the machine and the resistance on the arm, viz, with the 



actuatmg wts. in oz. 
time of each revolut. 



8 
3-33" 



101 12 
2-5o|2-00 



16 
1-54. 



^0 24 j 28 I 32 
l-35ll-20ll-09ll-O0| 



And from these, by interpolation are deduced tlje following. 



Itici. 





5' 


10° 


20^ 


30° 


40° 


50° 


60° 


70° 


80^ 


90° 


Wts. 


OZ.32 


24-8 


1^-5 


15-5 


12-7 


10-9 


99 


9-3 


8-9 


8-7 


8-6 


T lines 


1-00' 


1-17" 


1-35" 


1-68" 


1-99" 


2-28" 


2-56" 


2-79' 


2-94' 3-00" 


3-02" 



50. 


And hence the fol 


owing general 


table. 


fncliD. 
of the 
plane. 


Time of 
one revo- 
lution. 


Actuating w^. 


Diff. or 

resist- 
ance. 


t 

1 Ditto re- 
duced to 
r arm. 


V^elocity 

per 
se<!ond. 


with 
plane 


without 
plane 




; 02 


oz 


oz 


oz 


feet 


0* 


1-00" 


32 


32-0 


00 


•000 


28-1 


5 


117 


32 


24-8 


7-2 


•140 


241 


10 


1-35 


32 


19-5 


12-5 


•243 


20-8 


20 


1-68 


32 


15-5 


16-5 


•320 


16-8 


30 


'1-99 


32 


12-7 


19-3 


•371 


141 


40 


2-28 


32 


109 


2i-l . 


•410 


124 


45 


2-42 


32^ 


10-4 


21-6 


•420 


11-6 


50 


2-56 


32 


9-9 


22-1 


•429 


110 


60 


2-79 


32 


9-3 


^2-7 


•441 ' 


10-1 


70 


2-94 


32 


8-9 


23-1 


'448 


9-6 


80 


3-00 


32 


8-7 


23 3 


•452 


9-4 


90 
1^ 


3-02 


32 
3 


8-6 


23-4 


•454 


9-3 


2 


4 


5 


6 


7 
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Here, the numbers in the 6th column, in thousandth parts 
of an ounce, are equal to the resistance of the plane, placed 
at, the angle on- the same line in the first column, when 
making one revolution, or describing the space 28f feet, in 
the time or number of seconds in the 2nd column, or when 
moving at the rate denoted by th^/numbers in the 7th co- 
lumn. 

From what has been done, in the last two days, it appears, 
that there is no sensible difference between the two different 
ways of putting on the plane, viz, the length or breadth in 
direction of the length of the arm ; provided its centre be 
but at the same distance from the axis, in both cases. 

But now to obtain the law of resistance, for the several 
angles of inclination, with one and the same velocity, it was 
p?:oper to institute a fresh set of experiments, as they here 
follow. 

' . July 31, 1788. 

Barometer 29-91; Thermometer 72. 

51. The object of this day*s experiments was, to find the 
resistance on the same plane, at every angle of elevation, 
when the velocity, as for example, is 20 feet per second. I 
therefore began as follows, putting on different weights, to 
bring the velocity to about 20 feet in a second. 



TRACT 36. 



THB WHIRL1NG»-MACHINE. 



201 



Angle 


Actu> 


Time of 


Veloc. i 


with 


ating 


one revo- 


per 


horiz. 


wts. 


lution. 


second. 




oz 

1 


sec. 


feet 


0° 


19 


1-50 


18-76 


,• 


20 


1*43 


19-68 


5 


22 


1-43 


19-68 


• 


23 


1-33 


21-16 


10 


24 


1-43 


19-68 


• 


25 


1-40 


20-10 


20 


26 


1-76 


16-00 


• 


27 


1-73 


16-37 


• 


28 


1-67 


16-85 


• 


29 


1-65 


17-06 


• 


30 


1-58 


17-81 


• 


32 


1-56 


18-04 


• 


34 


1-52 


18-51 


• 


36 


1-48 


19-02 


• 


3S 


1-44 


19-54 


• 


40 


1-36 


20-69 


30 


44 


1-60 


17-59 


• 


48 


1-54 


18-27 


• 


52 


1*43 


19-68 


• 


56 


1-40 


20-10 


40 


64 


thread 


broke 



The thread having broken with the last weight, of 64 oz, 
the experiments could not be further prosecuted for the pro- 
posed velocity, 20 feet. I was therefore obliged to be con- 
tent with the case of a smaller velocity, as that of 12 feet for 
example, which would not require so large an actuating 
weight ; the results of which are as follow. 
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Angle 

with 

horix. 


Actu- 
ating 
wts. 


Time 

of 1 

revol. 


Veloc. 
per 
sec. 


Ditfs. 

ef 

wts. 


Resist. 

to 12 ft. 

veloc. 


Ditto 
reduced. 


Ratio 

to the 

last. 


Sines 
of the 
angles 


0° 


oz sec feet oz oz 

\0 2-50 Il-2.'> 


oz 



. 


5 

• 

10 


10|. 2-67 
lOi 2-43 


10-54 
11-58 


Of 


0-81 


-016 


19 


87 


, 12 |2-50 


11-25 2 1 2-28 1 -044 52 | 173 | 


20 

• 


15 
16 


2-73 
2-50 


10-31 
11-25 


5 

6 


6-34 


•133 


158 


342 


.30 

• 
• 


24 
26 
28 


2-37 
2-26 
2M9 


11-87 
12-45 
12-85 


14 
16 
18 


14-31 


-278 


331 

r 


500 


40 

• 

• 


32 
34 
36 


2'40 
2-30 
2-26 


11-72 
12-J^3 
12-45 


22 
24 
26 


23-09 


•448 


533 


643 


50 

• 

• 


39 
40 
41 


2-40 
2-39 
2-.^38 


11-72 
11-77 
11-83 


29 
30 
31 


31-84 


-609 


724 


766 


60 43 2-50 11 -25 1 33 37-60 '730 868 | 8ij6 \ 


70 

• • 


44 
45 


2-58 
2-55 


10-91 
11-04 


34 
35 


41-49 


•805 


957 


940 


80 46 
• 47 


2-60 
2-52 


10-88 
11-14 


36 
37 


43-06 


-836 


994 


985 


90 1 48 2-50 


.11-25 1 i^S 43-35 1 -841 |l000 1000 


1(2 3 


4 5 6 7 ! 8 9 



52. Having, by the mediums of several trials, found the 
times corresponding to each revolution, in the 3rd column , 
of this table, corresponding to the weights in the 2nd co- 
lumn, and angles of inclination iathe first column; the cir- 
cumference, of revolution, viz, 28^ feet, being divided by 
these times, gives th6^ velocity per second, as placed in the 
4th column. 

Then the first weight, of 10 oz, when the very thin edge 
of the plane only was opposed to the air, being deducted 
from every weight in the 2nd column, leaves thcsweights in 
the 5th column, which are to be considered as the actuating 
weights at the barrel, of the axis, very nearly. 
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' In the 6th column are the several resistances to a velocity 
of 12 feet per second, as deduced from those in the 4th co- 
lumn, to which number these are nearly equal, by stating 
the resistances to be proportional to the 2*04 power of the 
velocity, agreeably to the rate we have before determined 
for slow motions, that are so nearly equal to each other. 

In the 7th column, the resistances of the 6th column are 
reduced, in the proportion of the distance of the plane to 
the distance of the actuating weight; and these are the true 
measures of the resistances, in thousandth parts of an ounce, 
to the velocity 12 feet in a second of time, for each position 
of the plane. 

In the 8th column are set the ratios of all these resistances, 
to the last or greatest of them ; which are obtained by divid- 
ing each of them by that greatest ; being done in order to 
compare them with the sines of the same angles, of inclina- 
tion, as placed in the 9th or last column Whence it ap- 
pears, that the resistance is in no wise proportioned to those 
sines : for, from the direct vertical position, or 90 degrees, 
the sine of the angle of inclination decrease* faster than the 
resistance, till at the angle of 60* inclination, where they are 
again equal. After which, the resistance decreases faster 
than the sines; but no where however so fast as the squares 
of the sines, and much less of their cubes. So that the re- 
sistance5 it appears, is in practice not as any single power of 
the sines, neither 1st, nor 2nd, nor 3rd power of them. 

53. But, if we would search out some powers or function 
of the sines, that should be proportional to the resistanfces, 
it is manifest that the exponent must be some variable quan- 
tity, which at 60® must be z= 1, or nearly so ; below 60^, it 
must be greater than 1, but less than 2, and above 60** it 
must be between 1 and 0. Now the cosines of the angles 
increase from 90° down to 0, in such sort, that their double^ 
have the above requisite property, viz, that at 60°, 2c iszzl ; 
above 60°, 2c is betj^'een 1 and 0; and below 60°, 2c is be- 
tween 1 and 2; where c denotes the cosine of the angle of 
inclination. Let us compute then the proportions of ^ (ot 
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the several angles of inclination, where s denotes the sine, ia 
order to compare with the resistances, and we shall find the 
values ofs^y for the several angles, to be thus : 



Here it appears, that the values 
of s^ agree with the ratios of 
the resistances, from 90° to 60° 
very nearjy ; but that from 60* 
)to 30°, th^ differences increase^ 
and from 30° to 0, they decrease 
again, the greatest difference 
being at 30°, where it is tt of 
the whole. 



An- 


Values of 


■ 
Exper. 


Diffs. 


gles 


i»p 


Resist. 




5^ 


8 


19 


11 


10 


32 


52 


20 


20 


133 


158 


25 


30 


302 


331 


29 


40 


50S 


533 


25 


50 


710 


724 


14 


60 


S66 


868 


2 


70 


958 


957 


-1 


80 


995 


994 


-1 


90 


1000 


1000 






54. Instead of the index 2c, in the function then, it is 
likely that we shall succeed better if we assume the indefinite 
one nCy by adapting its result to the resistance for the ex- 
perimented angle of 30"*, that is, to ascertain what n must 
be, so as that the function s"^ may agree with the resistance 
at 30% viz, by making 5^ = 331. Now this equation in 

loscarithms is w^xlo^. s = los:. 331, and hence n = -4^ — 

= 1"842 nearly. Then taking always s^'^^% there results 
the following numbers : 

Here the differences being all 
very small, it may be concluded 
that the function s^'*^^"" is an ex- 
pression for the resistance, suffi- 
ciently near the truth, for all the 
angles of inclination. And this 
being multiplied by •841, to 
bring it to ounces, will give 
•8415^*'^ for the resistance, in 
ounces, for any angle, whose 
sine is 5, and cosine c, for the 

velocity of 12 feet in a second, on a plane surface of 32 

square inches, or f of a square foot. 



An<« 

gles. 


Value* of 


Exper. 
resist. 


Di£fs. 


5° 


11 


18 


7 


10 


42 


52 


10 


20 


156 


158 


2 


30 


331 


331 





40 


536 


533 


-3 


50 


730 


724 


-6 


60 


876 


868 


-8 


70 


962 


957 


-5 


80 


995 


994 


-1 


90 


1000 


1000 






TRACT 36. THE WHIRLING-MACHINE. 205 

Aug. 11, 1788. 

Barometer 30*08 ; Thermometer 60. 

55. The occasion of this day's experiments was as follows: 
On comparing the last experiments, made with the parallelo- 
gram inclined in various angles, with those formerly made 
with the cone, the vertex foremost, the surface of which I 
thought might be considered as expanded or unrolled in a 
triangle of an equal area, and inclined in the same angle. 
But the resistances not turning out to be in the proportion 
of the two surfaces,! imagined that the difference might re- 
sult from the diversity in the shape of the two figures, or 
surfaces compared, the one being a plane rectangle, and the 
other a conical surface, or as it were a triangle rolled up. 

56, I therefore procured an equilateral triangular brass 
plane, nearly of the same area and 'weight as the parallelo- 
gram last used, viz, the triangle being 31^ square inches, or 
nearly f of a square foot, and performed the following ex- 
periments with it, inclining the plane to the direction of mo- 
tion in all angles, differing by 5^ at each time, and at each 
inclination turning the vertex of the triangle both forewards 
and backwards, so that it might go both foremost and hind- 
most ; but, as there was no difference in the resistance be- 
tween the two positions, the numbers are set down only for 
one of them, the same numbers serving for both. The mid- 
dle line of the plane was placed at 53| inches from the cen- 
tre of motion j and therefore the velocity of that line, is to 
the velocity of the actuating w^eight, as 5r51 to 1. The 
weights, for each inclination, were gradually changed, so as 
to bring the plane to make 2 uniform revolutions in every 5 
seconds of time, in which case the velocity of tne plane was 
11^ feet per second, or rather 1 1*26^ feet. 

57. Having therefore placed the several angles in the 
first column of the following table, and the actuating weights 
in the 2nd column, which gave 2 revolutions in 5 seconds, in 
the 3rd column are set the differences between the first 
weight, when horizontal, and each of the other following 
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weights, which remainders denote the resistances without the 
friction and resistance on the arm, for a velocity of 11*26 
feet. Then these are raised in tije ratio of 11*26 *'°* to 12**'^ 
or 7 to 8 nearly, for the resistances to 12 feet velocity, which 
are placed in the 4th column. These last numbers are again 
increased in the ratio of the surface 3 If of this trian'gle, to 
32 the surface of the former plane, that is, in the ratio of 
43 to 44, or 1 to 1^, which increased numbers are set in the 
next or 5th column. Then — 



, Angles 

with 

direc. 


Actu- 
ating 
wts. 


Diffs. 

of 
ditto 


Ditto for 

12 feet 

velocity 


Ditto for 

32 inches 

area 


Resist, 
reduced 


Ratios 

to the 

last 


Sines 
of the 
angles 


oz 


oz 


02 


oz 


oa 




.. 


O'^ 


10 


0-0 


0-0 


0-0 


•000 


•000 


•000 


5 


10-7 


0-7 


0*8 


0-8 


•015 


•018 


•087 


10 


11-8 


1-8 


20 


2-0 


•039 


•046 


•174 


15 


13-4 


3-4 


3*9 


40 


•077 


•091 


•259 


20 


15*8 


5-8 


6-6 


6*8 


•132 


•156 


•342 


25 


VJ'O 


9-0 


10-3 


10'5 


•204 


•241 


•423 


SO 


23-0 


ISO 


14-8 


15-1 


•294 


•?47 


•500 


35 


27'3 


17-3 


19-7 


20-1 


•390 


•461 


•574 


40 


31*6 


21-6 


24-7 


25-2 


•490 


•579 


•643 


45 


35-4 


25-4 


29-0 


29-7 


•577 


•682 


•707 


50 


38-6 


28-6 


32-7 


33-5 


' *650 


•768 


•766 


55 


41-1 


31-1 


35-5 


363 


•705 


•833 


•819 


6.0 


43-0 


33-0 


37*7 


38-6 


•750 


•886 


•866 


65 


44-5 


34-5 


39-4 


40-3 


•783 


•925 


•906 


70 


45-7 


35-7 


40-8 


41-8 


•809 


^956 


•940 


75 


46-4 


36-4 


41-6 


42*6 


•827 


•977 


•966 


80 


46-9 


36-9 


42-1 


43-1 


•837 


•989 


•985 


85 


-47*2 


37-2 


42-5 


43-5 


•845 


•998 


•996 


90 


47-3 


37-3 


42-6 


.43-6 


•846 


POOO 


1-000 


1 


2 


3 


4 


5 • 


6 


7 


8 



these are divided by 51*51, to reduce the weights from the 
barrel to the extremity of the arm, and the quotients are the 
true measures of the resistances, which are placed in the 
next column 6. — Lastly, each of these being divided by the 
greatest, 846, give their proportions in numbers easily to be 
compared with the sines of the angles: and these propor- 
tionals are placed in the 7th column; having the correspond- 
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ent sines of the angles of inclination set in, the 8th or last 
column. 

On a slight comparison it soon appears, that the nymbers 
for the triangular shape, are nearly the same as those for the 
parallelogram, of equal area ; evincing that the difference in 
the shape of the plane makes no material difference in the 
resistance, the area being equal. 

58. By interpolation from the foregoing numbers, the 
following table is deduced, for every single degree of in- 
clination, accompanied with the correspondent sines of the 
same angles. 



Angle 


Ratios 


Sioes 


'1 

Angl. 


Ratios 


Sines 


Angl. 


Ratios 


Sines 


1° 


3 


17 


sr 


369 


515 


er 


895 


875 


2 


6 


35 


32 


392 


530 


62 


903 


883 


3 


10 


52 


33 


415 


545 


63 


911 


891 


4 


. 14 


70 


34 


438 


559 


64 


918 


899 


5 


18 


87 


35 


461 


574 


65 


925 


906 


6 


23 


105 


36 


484 


588 


66 


932 


914 


7 


28 


122 


37 


507 


602 


67 


933 


921 


8' 


34 


139 


38 


531 


616 


68 


944 


. 927 


9 


40 


156 


39 


555 


629 


69 


950- 


934 


10 


46 


174 


40 


579 


643 


70 


956 


940 


11 


53 


191 


41 


602 


656 


71 


' 961 


946 


12 


61 


208 


42 


623 


669 


72 


966 


951 


13 


70 


225 


43 


643 


682 


73 


970 


956 


14 


80 


242 


44 


663 


695 


74 


974 


961 


'15 


91 


259 


45 


682 


*707 


75 


977 


966 


16 


102 


276 


46 


700 


719 


76 


980 


970 


17 


114 


292 


47 


718 


731 


77 


98S 


974 


18 


127 


309 


48 


735 


743 


78 


985 


978 


19 


141 


326 


49 


752 


755 


79 


987 


982 


20 


156 


343 


50 


768 


766 


80 


989 


985 


21 


171 


•358 


51 


783 


777 


81 


991 


988 


22 


187 


375 


52 


797 


788 


62 


993 


990 


23 


204 


391 


53 


810 


799 


83 


995 


993 


24 


222 


407 


54 


822 


809 


84 


997 


995 


25 


241 


423 


55 


833 


819 


85 


998 


996 


26 


261 


438 


56 


845 


829 


86 


999 


998 


27 


282 


454 


57 


856 


839 


87 


999 


99^ 


28 


303 


469 


58 


866 


848 


88 


999 


999 


29 


325 


481 


59 


876 


857 


89, 


1000 


1000 


30 


347 


500 


60 


886. 


866 


90 


1000 


1000 



208 EXPERIMENTS WITH^ &C. TRACT 36. 

Where the numbers in the 2nd cohimp, when multiplied by 
84*, and divided by lOOO, will give the resistance in decimals 
of an ounce, to a plane of 32 square inches area, moved with 
the velocity of 12 feet in a second of time, meeting the*air 
in the several angles shown in the first column of the table: 
and the general formula for every case of that plane, as be- 
fore, is 84i^, where s denotes the sine, and c the cosine of 
the angle of inclination, also n = 1'842, or 1*84« only. For 
other surfaces and velocities, the formula will vary nearly 
as the surfaces, or but little higher, about j-, and nearly as 
the 2*04 power of the velocity. Or, for any other greater 
plane a, and velocity v, the formula will be nearly •OSav*'^ 
s^'^^' feet.— For water, or any other Buid, different from air, 
this theorem will be varied in proportion to the density of 
the fluid, . 

59, Though the figure of the plane makes no sensible 
difference in the resistance ; yet the action on a plane will 
not apply to such curve surfaces as those of a cone or a 
sphere, as clearly appears by the table of experiments in 
page 1S9 ; where the convexity of the hemisphere, on a sur- 
face equal to double its base, has less than half the resistance ; 
and the cone, with a surface of nearly 74 square inches, at 
an angle of 25''42', with the path, suffers a resistance far less 
in proportion to the plane at an equal angle ; for, the ratio 
of the surfaces is that of 74 to 32, much more than double, 
while that of the resistances, 376 to 255, is less than 3 to 2« 
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TRACT XXXVIL 



THEORY AND PRACTICE OF GUNNERY, AS DEPENDENt ON THE 

RESISTAkcE OF THE AIR. 

V 

Sect. 1. In this tract it is proposed to deduce the gene* 
ral conclusions, from the long series of experiments made in 
Tracts S4 and 36^ and to make applications of them to va* 
Tious practical uses, particularly to the theory and practice 
of gunnery, as dependent on, or modified by. the resistance 
of the air, now that its effects have, for the first time, been 
in part.satisfactorily ascertained, by very numerous and ac- 
curate experiments* 

2. In some parts of my Course of Mathematics, certain 
notices are to be found concerning the subject, both as con- 
nected with the air's resistance, and as independent of it. 
Thus, in the^ 2nd volume of that course, in props. 19, 20, 
21, 22, is delivered all that relates to the parabolic theory 
of projectiles, that is, the principles and conclusions which 
would obtain, and regulate such projects, if they were not 
impeded and disturbed in their motions, by the air in which 
they moye. For, from the enormous resistance of that me* 
dium it happens^ that many military projectiles, especially 
the smaller balls discharged with high velocities, do not range 
so far as a 2.0th part of what they would naturally do in 
empty space. . That theory then can only be useful in some 
few cases of slow motions, not exceeding the velocities of 
200, or 300, or 400 feet in a second, of time, when the path 
of the projectile diflPer? but little from the curve of a parabola* 
Alsq, at pa. 160, &c, are given several other practical rule* 
and calculations, depending partly on the foregoing parabolic 
theory, and gartly on the results of certain experiments per- 
formed with cannon balls, 

YQU iir. p . 



Agaioy in prop. 58, pa. 219, are delivered the tbeory and 
calculations of a beautiful military experiment, indented by 
Mr. Robins, for determining the true degree c^ veloi^ity with 
which balls are discUi^ed from guns, with any charges of 
powder. The idea of thi« experiment, is simply, that the 
ball is discharged into a yery large but moveable block of 
t^ood, ifehbsesmalr velocity, in io'kiseqd^rifce >)f that iloSiry 
ean be easily obsei'ved aml^aG^'ufateiy i^easlired. Then, from 
this small velocity, thus obtained, the large one of the ball is 
immediateljr derived by thb »i^ple proportion, viis, ^s the 
Weight of the ball, is ib the sum of the weights of the ball 
and the block, so Is the observed velocity of the last, to a 4tb 
proportional, winch is the velocky of the ball sought. — ^It is^ 
evident that this simple mode of experiment will he the 
source of humeroUs usefill principles, as results derived from 
tile experiments thtls'made, with all lengths and sizes of 
gunsy with all kinds and sizes of balls and other shot, and 
with all the various sorts and q^Jantities of gunpowder; in 
short, the experiment will supply answers to all enquiries in 
projectiles, excepting the cixtent of their ranges; for it will 
even determine the resistance of the air, by causing the ball 
to strike the block of wood at different distant:es from the 
gun, thus. showing the velocity lost by passing through tho^e 
different spaces of air; all which circumstances are fully 
shown in the foregoing 34th Tract. 

3. Lastly, in prob. 17 on Forces, near the end of that volume, 
some results of the same kind of experiment are successfully 
applied^ to determine the curious circumstances of the first 
force or elasticity of the air resultiiig frou^ the fired gun- 
powder, and the velocity with which it expands itself. Thene 
are circumstances which have never before been determined 
with any precision. ^ Mr. kob^hs, and other authors, It tnay 
he said, have only gpessed at, rather than determined tiiem» 
'That ingenious philosopher, bya siai|>le'experiment) truly 
showed that, by the firing of a pstrcel of gimpbwder, a ouiEm* 
tity of elastic air was disengaged, whi^h/ when confined in 
the space only occupied by the powder before it waa fired. 



was found to be near 250 times stronger than the weight or 
elasticity of the common atmospheric air. He then heated 
the same parcel of air to the degree of red hot iron, and 
found it in that temperature to be about 4 times as strong as 
before ; when<!se he inferred, that the. first strength of the in- 
flamed fluid, must be nearly 1000 times ^he pressure of the 
atmosphere. But this was .merely guessing at the degree 
of beat in the inflamed fluid, and consequently of its 'first 
strength, both which in fact are found to be much greater. 
It is true that this.assumed degree of strength accorded pretty 
well with that author's. experiments ; but thi9 seeming agree* 
jnienty it might easdly be shown, could only be owing to the 
inaccuracy of his own further experiments ; and, in fact^ 
with far better opportunities than fell to the lot of Mr^ 
Robins, we have shown that inflamed gunpowder is about 
double the strength that be has assigned to it, and that it 
expands itself with the velocity of about. SpOO feet per se- 
cond. 

4. Fully sensible of the importance of experiments of this 
kind, first ^practisedby Mr. Robins- with musket balls only, 
my endeavours for many years Wjcre directed to the prosecu« 
tion of the same, on a larger scale, with cannon balls ; and 
having had the honour to|be called pn^to give my assistance 
; at several courses of such experiments, Carried pi) at Wool* 
wich by the ingenious officers of the Royal Artillery there, 
under the auspices of the .Mastery General of the Ordnance, 
I have assiduously attended them for many years* Tiie first 
of these courses was performed in the year 1T75, being 2 
years after my establishment in the Royal Academy at that 
place : and in the PhHos. Trans* for the year HIS, I gave an 
account of these experiments, with deductions, in a memoir, 
which was honoured with the Rpyal Soci^y*^ gold medal of 
.that year, as before mentioned in the beginQici^ of the 34th 
Tract, in the last volume; ^here also Are stated the results 
of the first experiments, ai well as those of the second 
course of experiooeats, performed iottbe ye^ra 1783, 1764^ 

?2 
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5. An atnple account i$ given of these experiments, and 

the fesults deduced from them in the 34tli Tract; some few 

circumstances only of which may be repeated here. In this 

. course, four brass guns were employed, very nicely bored 

. and cast on purpose, of different lengths, birt equal iii all 

^ other respects, viz, in weight and bore, &c. The lengths of 

the bores of the guns were, 

' the gun n** 1, was 15 calibres, length of hott 58*5 inc# 
n"* 2, . 2a calibres, . . . . . 38*4 
n" 3, . 30 calibres, * . . . . 57*7 
n* 4, . 40 calibres, . . ... 80*2 

• the calibre of each being 2^ inches, and the medium weight 
.of the balls 16 oz 13 drams, 

• 6. The mediums of all the experimented velocities of the 
"balls, with which they struck the pendulous block of wood, 
:pkiced at the distance of 32 feet from the muzzle of thegun, 
ior several charges of powder^ were as in the following table. 



Table of Initial Felodties, 1 


Powder. 


The Guns. 1 


oz 


ITl. 


N»2. 


> W3. 


K^4. 


2 


780 


835 


920 


970 


. 4 


1100 


1180 


1300 


1370 


6 


1 340 


1445 


1590 


I6S0 


« 


1430 


1580 


1790 


1940 


12 


1436 


1640 


. 


a' 


14 


. 


166P 


• 


« 


. 16 


• 


• 


2000 


a 


18 


. 


• 


. 


2200 



;piaced in the 1st column, for all the four guns, the numbers 
denoting so many feet per second.. Whence in general it 
appears how tbe velocities increase with the charges of pow- 
ders for eacb'gun, and also how they increase as the guns are 
longer, with the same charge, in every instance; 

7. By increasing the quantity 'of the charges continually, 
for each gun, it was found that the Velocities continued ta 
Increase till they arrived at a certain degree,, different in eacb 
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gun ; after which, tbey constantly decreased again, till the 
bore was quite fillecl wjth the, charge. Tbe quantities of 
powder, when the Telocities arrived at their maximum or 
greatest state, were various, as might be expected, accord- 
ing to the lengths of the gups : the weight of powder, with 
the length it extended in thel bore, aud the fractional part of 
the bore it occupied, are shown in the following table, of the 
charges for the greatest effect. 



' 


•»L' 


■ — ' r ■■ 

the Charge. 1 


GUD, 


Lengthi 

of the 

bore. 


Weight, 


length. 


n« 


02 


laches 


Part of 






• 




whole 


1 


28-5 


12 


8*2 


A 


2. 


38-4 


14 


9-5 


tV 


3 


57-7 


16 


10-7 


A 


4 


80-2. 

1 l« T 


1-8 


12-1 ^ 1 



S. Some few experiments in this course were made to 
obtain the ranges and times of flight, the mediums of which 
ar& exhibited in the following table. 



Gans. 


Pow- 
der 


r Ball's 


Bleva. 
gun. 


Time of 
flight. 


Range 


First 
yeloc. 


wt 


diam 




oz 


oz dr 


inches 




sec 


feet 


f<&et 


n«> 2 


2 


16 10 


1-96 


45^ 


21-2 


5109 


863 


do. 


2 


16 5 


1-96 


15 


9-2 


4130 


868 


do. 


4 


16 8 


1-96 


15 


9-2 


4660 


1234 


do. 


8 


16 12 


1-96 


15 


14-4 


6066 


1644 


, do. 


12 


16 12 


1-95 


15 


15-5 


6700 


1676 


V3- 


8 


15 8 


1-96 


15 


10-1 


5610 


1938 



In this table are contained the following concomitant data^ 
determined with a tolerable degree of precision ; viz, the 
weight of the powder, the weight and diameter of the ball^ 
the initial or projectile velocity,, the angle of elevation of tha 
gun, tlve tinle in seconds of the balPs flight through the air, 
and its range, or the distance where it fell on the horizontal 
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f lancf From wbieb it is hoped that aooie aid may be d&« 
fired towards ascertaining the resistance of the medium^ and 
its effects on other elevations, &Cy and so afford some meaaa 
of obtaining easy rules for the cases of practical gannery* 



iPenetraiians of Balls into 
solid Elm wood. 

Powder 2 4 { 8 oz 


7 


16-6 
13-5 


18-9 
21-2 
18-1 
20-8 
20-5 


Means 7 


15 


20 



9. Another .subject of en- 
quiry in the foregoing experi- 
inentSy was, how far the balls 
would penetrate into solid 
blocks of elm wood," fired in 
. the direction of the Bbres. 
The annexed tablet shows the 
results of a few of the trials 
that were made with the gun 
n* 2, with the most frequent 

charges of 2, 4, and 8 ounces of powder ; and the mediums 
of the penetrations, as placed in the last line, are found to 
be 7, 15, and 20 inches, with those charges. These pene- 
trations are nearly as the numbers 
2, 4, 6, or 1, 2, 3 ; but the charges of powder are as 
2, 4, 8, or 1, 2, 4; so that the penetrations are propor* 
tional to the charges as far as to 4 ounces, but in a less ratio 
at 8 ounces ; whereas, by the theory of penetrations, the 
depths ought to be proportional to the charges throughout^ 
or, which is the same thin^, as the squares of the velocities. 
So that it seems the resistiOg force of the w6od is not uni- 
formly or constantly the same^ but that it increases a littl« 
with the increased velocity of the ball. This may probably be 
occasioned by the greater quantity of fibres driven before 
the ball ; which may thus increase the spring aiid resistance 
of the wood, and prevent the ball from penetratiqg so deep 
as it othetwise might do. 

10. From a general inspection of this second course of 
these experimeots it appears, that all the deductions and ob- 
servations made on the former course, are here corroborated 
and strengthened, respecting the velocities and weights of the 
baUs, and charges of powder^ &c. It further appears also» 



Itehdie f^locilgr o$ tile ball increases Mrith the iporea^e of 
Gbiqfe only to a: cerfeaia pointy which is pecuKar to each i^n^ 
Wh0t^ it. is greatest ; and . that by further increasing th^ 
charge, the velocity gradually diminishes, till the bore ii^ 
^it9 full of powder. That this charge for tl)e greatest ve- 
locity is greater as the gun is longer, buf: yet not; greater in 
vy bigtk a propoi:tion as the length of this, gun is ; so that th^ 
yart of the bore filled with powder, bears a I^ss- proportion 
to the wb^Ie bore in the long gUQs, than it do^ in thesbortei; 
ones.; the part which is. filled being indeed, nearly in the itvr 
verse ratip of the square root of the empty part 
^U It appears tbjat the velocity, with equal charges, al» 
ways inorea^es as the gijui is longer ; though the increase in 
velocity h bu/t yory spoall in comp^ison to tlie increase in 
lengtU ; the voloci^ies being in a ratio somewhat less than 
that of the squ^e roots of the length of the bois^, but greitter 
th^t^ that of the cube roots pf the saiiie,^ and is indeed nearly 
iii ^e Buddle ratia betwe^^ th^ twa 

12. It appea^rs^ froni the table of ranges, that the tango 
increases in a much lower ratio than the v^lpcity, the gun 
^pd elo^ation being the same. And when this is compared 
with the prcqportion of the velocity and lepgtb of gun iatho 
l%fit paragraph, it is evident that W4> ginn extremely little in 
die rai^ by a gircsit increase in |he length of the gun, with 
l^be same charge of powder. Iq fact, the range is nearly as 
the ^h Fool of the length of the bore ; which is so sqiail an 
im^rease. as to aofu^unt only to about a '7th part more range 
Sof a double length of gun.r— From the same table it ajso ap« 
pears, that the^ime of the ball's flight is nearly.as the range; 
the gun and elevation being the same. 

)8. It has been found, by these experiments, that no dif- 
fevenoe is canied in the velocity, or range, by varying the 
weight of the gun, nor by the use of wads, nor by diiFerent 
degrees of ramming, npr by firing the charge of powder in 
di&rent parts of it. But that a very great difference in the 
velocity arises from a small degree in the windage: indeed 
with die asnai ests^lishe4 wuidage only, viz^ about ^ of the 
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calibre, no less than between -§■ and ^ of the powder escapes* 
and is lost : and as the balls are often smaller than the regur 
lated size, it frequently happens that half the powder is loiit 
by unnecessary windage. 

14. It appears too that the resisting force of wood, to 
balls fired into it, is not constant : and that the depths pene* 
trated by balls, with different velocities or eharges,,are nearly 
as the logarithms of the charges, instead of being as the 
charges themselves, or, which is the same thing, as the square 
of the velocity. — ^Lastly, these and most other experiments, 
show, that balls are greatly deflected from the direction in 
which they are' projected : and that as much as' 300 of 40Q 
yards in a range of a mile, or almost ^th of the range. 

15. Proceed we now to state the deductions and applica- 
tionis of the experiments made in the years 17*7, 1188, 1789^ 
1791. These experiments, we have seen, were chiefly in- 
stitute'd to obtain the eflects of the air's resistance to balls, 
in their rapid flight through it. To determine the resistance 
to the very high velocities, were employed balls of three 
several sizes, vizj^of 2 inches, 2*78 inches, and 3*55 inches 
in diameter. These were' discharged with various degrees 
of velocity, from 300 feet to 2000 feet in a second of time ; 
and they were also made to strike the pendulum block, at 
several different distances froiff the guns, in order to obtain 
the quantity of velocity lost, in passing through those spaces 
of air ; whence the degrees of resistance were obtained, ap« 
propriate to the different velocities. These series of reisist- 
ances, for the three sizes of balls above-mentioned, have 
been obtained in a state remarkably regular, not only each 
series in itself, but also in comparison with each other ; the 
terms in every one of them following a certain uniform Jaw, 
in respect of the velocity, being indeed nearly as the 2^ 
power of the velocity ; and the terms of any one series also^ 
as compared' with the corresponding terms of another, with 
the same velocity, these being in a constant; proportion to 
one another, viz, as the surfaces of the balls moved nearly, 
or as th^ squares of their diameters^ with about ^ part most 
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in counting from the less ball to the greater^ or -/^ part less 
mrhen comparing the greater ball to the less. 

16. The same laws of resistance were also found to bb« 
tain in the slower motions^ with the whirling-machine in the 
36th Tract, both in respect of the different velocities with 
the same body, and of the different bodies with the same ye« 
locity. From which uniformity of effects it happens, that 
the numbers resulting from the larger velocities, in the one 
course of experiments^ and those derived from the slow mo- 
tions in the other' course, form as it were the terms, in the 
^different parts of one and the same general series of resist- 
ances. These circumstances enable us, easily and justly, to 
interpolate and fill up the intermediate places, between 800 
feet, the smallest of the rapid motions, and 20 feet, the 
greatest of the slow ones. And hence we obtain the follow- 
ing complete series, from the smallest to the greatest^ for a 
jball of just ^ inches in diameter. 



«*t^A 



vlkiums^ 



17; TMeefHt^^An^s Resi^ame-t&a B^tfi ^^^ 

]!)iamtter% 



[rate. 


XtoStSt' 


Kesist-.by 


lUtiftof' 


thrptwTl^««'»!^ 1 


in f««t. 

• 
1 


hf'tmpift 


• 


tbepry. 


«r«criPtU« 


lbs. 

< 


ftet 


oz 


or- 




i \ 


t 


3 


Qfom 


0*005 


vm 


. 


« ^ 


: 10 


o«<i2$6; 


.0-021 


v«s 




/ 


15> 


0-058 


0-046 


1-25 


■ 


i 


, 20 


0-103 


0-082 


1'26 




1 
1 


25 


0'163 


0-l«8 


1-2? 


' 


; 


^ SO 


' 0*237 ' 


0'ld4 


1'4?9 


* 


■ 


4« 


0-487 


:0*3'2i9 


1-30 




• 


r 50 


0'676 


0-511 


1-32 


. 


[ 


100 


2-78. 


, 2-04€ 


1-S6 


t 


0-174 


200 


11-S4 


8-18 


1-39 


2-028 


0-709 


SOO 


25-8 


• tr4 


1-4^ 


'2-©2« 


1'612 


400 


46-5 


32-7 


l^S' 


»(»2 


2-906 


500 


74-4 


51-2 


1-46 


2-042 


4-650 


600 


110-4 


73-6 


1-50 


2-055 


6-900 


700 


156-0 


100-2 


1*55 


2-069 


9*7^0 


800 


2120 


130-9 


1-62 


208i 


13-250 


900 


280-3 


165-7 


1-69 


2-099 


17-519 


1000 


362-1 


204-6 


1-77 


2-115 


22-625 


1100 


456-9 


247-6 


1-84 


2-128 


2S'556 


1200 


564-4 


294-6 


1-91 2M38 


35-275 


1300 


683-3 


345-7 


1-98 ' 2*146 


42-706 


1400 


811-5 


401-0 


2-03 : 2-151 


50^7 19 


1500 


947-1 


460-1 


2-06 


2-153 


59-194 


1600 


1086-9 


523-7 


208 


2' 152 


67-931 


1700 


1228-4 


591-2 


2-07 


'2-150 


76-775 


1800 


1368-6 


662-8 


2-06 


2-145 


85-537 


1900 


1505-7 


738-5 


2-03 


2-141 


94-106 


2000 


1637-8 


818-3 


3-00 


2-1S6 


102'a62 



18* In the first column of this table are contained the 
series of velocities, to the ball of 2 inches diameter, from 
that- of 5 feet up to 200Q feet per second of time; and in the 
2nd colamn are placed the correspondent resistances^ eii- 
pressed in avoirdupois ounces and decimals. For the pus* . 
poses of compari&on^ in the 3rd column are placed the cos* 



respondent ile^ec^ of resistance to the ^me bail^ as coan 
puted from the known theory of such resistances^ viz, con^ 
mdered as b^ing proportional to the square of the velocity. 
The theorem for this purpose is investigated in prob, 20, 
pa. d67> vol. 12 of my Course of Mathematics, and is this^ 

•j^x;* = r the resistance, whei^e p is = 3'1416, n = thespe-^ 

eifiogravity^ of tbe medium, g zz I6yd =? the ball's diameter, 
atid V = its velocity, both expressed in feet. Now, for our 
ball of ^ inches or ^ of a foot in diameter, that is, d = j, 
and the value of n = l| ounces, the mean ^specific gravity 

of air, the theorem becomes ,-^r-o^ <>r ttt::^^* = ^'> the re- 

4888 44000 ' 

fiistahce. Hence all the series of resistances will be easily 
found, by dividing the squares of the velocities by the con 
stant number 4888 ; or, still easier, by dividing the squares 
of the triple velocities by 44000C In this manner theiv were 
easily found the theoretical resistances, as placed in tht 3rd 
column of the "table, 

19. Theny to form a comparison between these two co- 
lumns, of the experimental 'and theoretical resistances, each ' 
number in the former is divided by the correspondent num- 
ber in the latter, and the ratios or quotients are set opposite 
them in the next or 4th column ; where it is seen that, near 
the beginning, or with the slowest motions, the experimental 
or real resistance, exceeds the theoretical one, by about the . 
5th part, er in the ratio of 6 to 5; that as the velocity is in- 
creased, the former gains more and more over the latter, all 
along, till at the velocity of 1600 feet per second, where the 
difference is at the greatest, the former being more than 
double the latter, or in the ratio of 2*08 to 1 ; after which^ - 
as the velocity is further increased, the ratio slowly decreases 
again, and terminates at 2000 f^et velocity, in the ratio of 2 
ib 1 very tiearly. 

20. To the former 4 columns a 5th is added, to show 
According to what power of the velocity, at every point, the 
resistance inci:eases, being the ind^ices of those powers, by 
cfomparing constantly a first number, for instance that of 



the 100 feet velocity, with each of the foUb^ing ones sepa-i* 
rateiy, first the 100, with the 200, then the 100 with the 300, 
then the first with the 400, and so on to the end ; by which 
means it appears that, commencing^ith the 2nd power or 
square of the Telocity, at the very beginning or slowest mo- 
tion, the exponent of the power grjadtially increases j till, at 
the velocity of 1500 or 1600 feet, it arrives stt the 2*153 
power of the same, being nearly the 2f power, or ^/y wore 
nearly, that is, the resistance tp thp 100 feet velocity,- is to 
that of the 1^00 feet velocity, as 100*^53 ^q leoo*'*", or as 
1"" to 16* *5^ or as 1 to 16* *53^ since all the powers of 1 are 
equal to 1 only;, so that, if r be put to denote 2*78 ounces, 
the resistance to the velocity of 100 feet velocity^ then 2*78 
X 16*^" will be the resistance to the 1600 feet velocity; 
and so on for the others. After the 1600 feet velocity, 
whpre the exponent (2*153) is greatest, it gradually de- 
creases again to the end. It may further b6 noticed, that 
the arithmetical medium among all these exponents of the 
powers, is 2*104, or 2-^ nearly. The 6th or last column i^ 
added, to show the resistances in avoirdupois pounds. 

21. The method of determining these indices of the 
powers, is the same as employed in art. 43 of the 36th Tract; 
▼iz, having given any two velocities v, y, and their corre- 
spondent resistances r, r'; to find, according to what powers 
of V and v'y the resistances r, r' are proportional. Let or de- 
note the exponent of the power of the two velocities w, v' ; 
then tf; v": : r : r'; hence, dividing the consequents by the 
antecedents, gives 1 : (-)':: 1 : -^; therefore (— )' = —; 

taking the logarithms gives x x log. — =: log. — ; hence x 

ss ^^:JLlL^il that is, the exponent of the power of the ve- 

log. » — log. V . 

locities, to which the resistances are proportional, is equal tq 
the quotient of the differences of the logs, of the resistances, 
divided by the difference of the logs, of the velocities. Now, 
to apply this theorem to the calculation from the numbers 
in the preceding table of our experiments, beginning at the 
velocity of 100, and thence to find the exponents for all the 
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. 9ucceeding velocities 200^ 300, 400, 8cc, the dontiniial quo* 

tients — , of each of these vek)Cities 200, SOO, 400, &c, di- 

Tided by the first 100, give the successive numbers 2, 3, 4, 
&c, the logs, of which therefore ate the correspondent di- 
visors to the difference between the logs, of the first resist- 
ance and that oF each of the following ones, to give the re- 
spective numbers denoting the indices of the powers, as ar- 
ranged in the 5th column of the table. 

22. The circumstance of the^vagci^le and increasing ex- 
ponent in the ratio of the resisf^ince, is owing chiefly to the 
increasing degree of vacuity left behind the ball, in its flight 
through the air, and to the condensation of the air before it. 
It is well known, that air can only rush into a vacuum with 
a certain degree of velocity, viz, about 1 200 or 1400 feet in 
a second of time; therefore, as the ball moves through the 
air, there is always left behind a kind of vacuum, either par- 
tial or complete ; that as the velocity is greater, the degree 
of vacuity behind goes on increasing, till at length, when 
the ball moves as rapidly as the air can rush in and follovr 
it, the vacuum behind the ball is complete, and so continues 
complete ever after, as the ball continues to move with all 
greater degrees of velocity. Now the resistance, which the 
ball suffers in its flight, is of a triple nature ; one part of it 
being in Consequence of the vis inertia of the particles of air, ^ 
which the ball strikes in its course ; another part from the 
accumulation of the elastic aii* before the ball ; and the third 
part arises from the continued pressure of the air on the 
forepart of the ball, when the velocity of this is such as to 
leave a vacuum behind it in its flight, either wholly or in 
part : for, while the ball is at rest, it is manifest that this 
pr'efssure of the whble atmosphere is the satne or equal on all 
sides of the ball ; but, as soon as the ball begins to move, it 
is also manifest that the pressure behind will be less than the 
constant degree of pressure in front, and th^-difference must 
be the greater as the motion of the ball is the more rapid, 
being in fact proportional nearly as the velocity of the ball^ 
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s^ compared with that of air rushing into a x:ompIett 
Tacuum^ that is, while the former is not gf^ter than tljie. lat- 
ter ; for^ as soon as the motion of th^ b^ll beeomes equal to 
that of the air, and always when greats, then the bail has to 
sustain the whole pressure of the atn^osphere on its forepart^ 
without having any aid from a counter-pressure behind. 

254 Thus then we see that the resistance against the ball 
is two-foldy (besides that arising from the unknown degree 
of compression before the ball), the one arising from percus- 
sion» by the ball striking and displacing the particles of air 
in its path, and which increases continually in the duplicate 
proportion of the ball's velocity ; and the other from the 
weight of the atmosphere, increasing wkh that velocity, to 
which, -being of the nature of pressure, it is proportional; 
but arrivifig at its maximum when that is equal to oi; exceeds 
the velocity of air into a vacuum, after yirhidh it is a constant 
quantity for all greater degrees of velocity. These circum- 
stances then very well show the reason why the experimented 
resbtance proceeds in a ratio increa3ing gradually mpre and 
more above the square of the velocity, till this exceeds 12 or 
14 hundred feet, the motion of air into a vacuum, and then 
rather decreases again. So that it appears that the whole 
escimatable resistance consists of two parts ; of which the one 
part is proportional to the square, of the velocity, and the 
•ther is simply as the velocity only^ 

24» Besides the experiments hitherto noticed, others were 
^t several times performed, both with gups and mortars, dis.- 
cbarged with different degrees of elevation and velocities, to 
observe the extent of tJie ranges, the times of flight, and the 
angles at which the shots fall to the ground; a synopsis of 
such experiments of this kind as have been made, is contained 
.in the following table. 
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£!«▼«. 
ufthe 
pit6e: 


The BalPs ' 


Time of 
«igbt 


> 

Raoge 

1 


Remark!. 

■4 


wt 


diam' 


velocity 




degr. 


lbs 


inches 


feet 


sec 


feet 1 


1 


450 


1-04 


1-96 


8GS 


21^^ 


5I09 


•N 


2 


15 


ro2 


1-96 


868. 


a-2 


4130 


, 


5 


15 


1-03 


r-96 


1234 


g-2 


4660 


One pound 


4 


15 


1-06 


1^96 


1644 


J4'4' 


^066 


' 4xiUs. 


5 


15 


'1-06 


1.-96 


1676. 


h5'S 


«7C0 


• ' 


6 


16 


103 


J ^9e 


1630 


ion, 


5610 


J 

1 


7 


45 


14-25 


4-43 


197 


4-5 


256 


7 Shells filled. 
\ with lead. 


9 


45 


14*25 


4^43 


297' 


7*0 


870 


D 


45 


12-88' 


4-49 


207. 


5-0 


376 


7 Solid iron 
\ bttlls ' 


10 


45 


1 2^88 


4''49 


293 


8*0- 


1068 


11 


451 


8-70 


4-43 


252 


5-0 


368 


; Shells fillfid. 
\ with water. ^ 


12 


45 


8-56: 


4-43 


380 


9?0 


1083 


13 


45, 


8^35 


4'44 


257 


5-7 


426 


Empty shell'. 


14 


45 


1-38 


4-40 


633" 


6-0 


50i 


Oaken ball. 


15 


45 


0-40 


4*40 


1175 


5'S 


408 


f*aper ball. 


16 


60' 640 


7-69 


564 


24-5 


4360 


fkilidbalL 


17 


•60 


48-0 


7 69 


651 


26-8 


4950 


Shell. 


'18 


60i 


: 128*0 


9-74 


556 


25-5 


5220 


Solid bail. . 


19 


6ft 


96-0 


9-74 


643 


27-0 


57 9Q 


•Shell. 


20 


45. 


3*0 


2-78 


1200 




7360 


• 


21 


45 


30 


2-78 


. 860 


23-0 


5850 


• 


22 


45 


3 


'2-7^ 


600 


16-0 


3870 


fearf 


23 


45 


S-0 


'^1% 


866 


22*5i 


5S50 




^4 


ao 


3'a 


•2j*78 


1^00 


22 


7680 


ar 


d5 


20 


3'0 


2-78 


1200 


120 


4:>od 


. . 


26 


45 


30» 


2-78 


120Q 


ball 


7360 


• 


27 


45 


► 3^0 


2-78 


1697 


JO 


S130 


Ahg.offallei^J 


'28 


'^5 I 


30 


2-78 


11200 


d^ 


5960 




29 


75 


'8^0 


2-78 


1697 


d« 


6130 




30 


35 


48^0 


T69 


5^1 


shell 


6150 


? Angle f 52" 


SI 


55 


^48*0 


f69 


571 


d« 


5lOO 


32 


45 


96-0 


9-74 


430 


d* 6080 





ttie applkations of tfae foregoing pri 
to.atafca^iil^tbe following problems. 
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PROBLEM I. 



S5. To det&minc the Resistance of the Medium against a 
BaU of any other size, moving with any of the Velocities 
contained in the foregoing tahh^ 

The experiments, that have been so amply detailed, saf-' 
ficiently prove that the resistances increase in a rather highet 
ratio than the surfaces of difierent bo4ie8, with the same ye- 
locity. Yet the ratios of the resistances, and of the surfaces^ 
or of the squares of the diameters, which is the same thing, 
•re so nearly alike, that they may generally be considered as 
equal to each other, in most calculations relating to artillery, 
or other practice. For example, to compare some of the 
experiments which we have made with the three different 
sizes of balls, viz, of 2 inches, and 2*78 inches, and 3*^5 
inches diameter; of which the table of resistances for the 
first was given in art. 17 preceding, and also in art. 145 of 
tract 34, as far a^ to 2000 feet velocity ; that for the 2nd 
size in art. 167 of that tract, from 900 to 1700 feet velocity} 
and that for the 3rd size, in art. 193 of the same tract, from 
1200 to 1800 feet velocity. Now the three diameters being 
f , and 2*78, and 3*55, the squares of which are proportional 
to the three numbers 1, and 1*93 1, and 3*15, which are also 
the ratios of the three surfaces. Now taking any one of the 
velocities that is cdj[nmon to all the three; tables, as suppose 
that, of 1200 feet per second, we find the three resistances^ 
corresponding to this velocity, are 564-5, and 11 S3, and 
1840, which three numbers are in the ratios of 1, and 2*01, 
and $'26> where the two latter numbers exceed the corre- 
sponding two of the former, the one by the 25th part, and 
the other by the 35 th part. Again, let us compare the re«- 
sistances for the 1700 feet velocity, which are 1228*4, and 
'2472, and 4010, \fhich we find are in the ratios of 1, and 
2*013, and 3*26, which are again nearly in the same ratios as 
the former. So that it appears, that the resistances in gene- 
ral may be considered as increasing above the ra^io of the 
surfaces, by about the 30tb part only. For example^ sup- 
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pose it were required to determine what would be the re- 
sistance of the air against a 24lb ball discharged with a ve- » 
locity of 2000 feet per second of time. Now, by the 1st of / 

the foregoing tables, the ball of 2 inches diameter, when 
moving with the velocity 2000, suflPered a resistance of 1638 
ounces, or 102lb ; then, since the resistances, with the same 
velocity, are as the surfaces nearly ; and the surfaces are as 
the squares of the diameters ; and the diameters being 2 and 
5*6 nearly, the squares of which are 4 and 31*36, therefore 
as 4 : 31'36 : : 102lb : SOOlb nearly, that is, the 24lb ball 
would suffer the enormous resistance of SOOlb in its flight, in 
opposition to the direction of its motion ! 

And, in general, if the diameter of any proposed baH be 
denoted by d^ and r denote the resistance in the last table 
due to the proposed velocity of the 2 inch ball; then ^rf*r 
will denote the resistance with*the same velocity against the 
ball whose diameter is d. 

PROBLElCf II. 

26. To assign JO. Rule for determining the Resistance due to 
any Indeterminate Velocity of a Given Ball. 

This problem is very difficult to be performed near the truth, 
on account of the variable ratio whicfi the resistance bears to 
the velocity, increasing always more and more above that of 
the square of the velocity, at least to a certain extent ; and 
indeed it appears that there is no single integral power Avhat- 
ever of the velocity, or no expression of the velocity in one 
term only, that can be proportional to the resistances through- 
out. It is true indeed, that such an expression can be ^s^ 
signed by means of a fractional power of the veloeity, or ra- 
ther one whose index is a mixed number, viz, 2TTr or 2*1 ; 
thus —- .= the resistance, is a formula in one term only^ 

which will answer to all the numbers in the last table of re- 
sistances very nearly, for the ball of 2 inches diameter; and 
consequently, by means of the ratio of the squares of the di- 
ameters of the balls, for any other balls whatever. But thi» 
VOL. ill. a . 
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formuU, though serving very well for some particular resist- 
ance^ or even for constructing a complete series or table of 
resi^ances, is not proper for the use of problems in which 
fluxions and fluents are concerned, on account of the mixed 
number 2^, in the. index of the velocity v. 

We must therefore have recourse to an expression in two 
terms, or a formula containing two integral powers of the 
Telocity, as v* and v, the first and second powers, affected 
with general coefficients m and n, as ?»t;* -f «» =5 r, the re- 
sistance. Now, to determine the general numerical values 
of the coefficients m and n, we must adapt this general ex«* 
pression mx;* -f nv = r, to two particular cases of velocity, 
at a convenient distance from each other, in one of the fore* 
' going tables of resistances, as the last for instance. Now, 
after making several trials in this way, it is found that the 
two velocities of 500 and 1000 answer the general purpose 
better than any other that has been tried. Thus then, em- 
ploying these two cases, we must first make v = 500, and 
r= 74*4 oz = 4"65lb, its correspondent resistance, and then 
ag^in V = lOOOf and r = 363 oz = ^^l^lb, the resistance 
belonging to it : this will give two equations, by which the 
general value of m and of n will be determined. Thus then 
the two equations being 

500*m + 50072 = 4*65, 

and lOOO^w + lOOOw = 22-625 ; 
dividing the 1st by 500, and C 500m + n = '0093, 

the 2d by 1000, ibey are I lOOOw + « == '022625 ; 
the dif, of these is . . . 500?n 1= '013325, 
and therefore div. by 500, gives m = -00002665 ; 
berice n3='0093— 500m s= -oOdS - -013325 = - •00665=71. 
K^nce then the general formula will be '0O002665i^ «<- 
' 'Q0^25v sf r, the resistance nearly in avoirdupois pounds, 
in all cases or all velocities whateveirv 
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27. Now, to find how near 
to the truth this theorenvBPnies, 
in every instance in the table, 
by substituting for't;, in this 
formula, all the several velo- 
cities, 100, 200, 300, &c, to 
2000, these give the corre- 
spondent values of r, or the re- 
sistancesj as in the 2d column 
of the annexed table, their ve- 
locities being in the first co- 
lumn ; and the real experi* 
mented resistances are set op- 
posite to them in the 3d or last 
column of the same. By the 
comparison of the numbers in 
these two columns together, it 
is seen that there are no where 
any great difference between 
them, being sometimes a little 
in excess, and again a little in defect) by very small differ- 
eoces; so that, on the v^hole, they will nearly balance one 
another, in any particular instance of the range or flight pf • 
a ball, in all degrees of its velocity, from the first or smallest, 
to the last or greatest. Except in the first two or three 
numbers, at the beginning of the table, for the velocities 100, 
200, 300, fqr which cases another theorem may be employed. . 
Now, in these three velocities, as well as in all that are 
smaller, down to nothing, the theorem 'OOOOnev* = r the 
resistance, will very well serve, as it brings out for the first 
three resistances '176, and *704, and 1*584, differing in those 
ca^es by a very small fraction only. 

The same otherwise. 

28. If however the foregoing rule, ('000026 6 5xf-» •004025) 
V = r, for the ball of 2 inches diameter, be not in all cases 
quite near enough, as it varies from the truth so much as ^ 

a2 



Veloci. 
or w. 


Comput. 


Exper. 


resists. 


resists. 


100 


—•133 


•174 


200 


+ •266 


•709 


300 


J -200 


1-612 


400 


2-666 


2-906 


500 


4^666 


4^650 


600 


7^200 


6^900 


700 


10^'206 


9-750 


800 


13-866 


13^250 


900 


18-000 


27-519 


1000 


22^666 


22-625 


1100 


27-866 


28-556 


1200 


53266 


35-275 


1300 


39*866 


42-706 


1400 


46^666 


50-719 


1500 


54000 


59-194 


1600 


6r866 


67-931 


1700 


70^466 


76-775 


1800 


79-200 


85-537 


1900 


88-666 


94-106 


2000 


98-666 


102-362 
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part nearly in one place, viz, when the velocity is about 
1600 or 1700 feet per second; we may find a more exact 
formula in the following manner. Let us suppose the re- 
sistance to be proportional to three different powers of the 
velocity, that is, partly as the square v% and partly as the 

firbt power v, and partly as the -I poweu v*, with indetermi- 

3 

nate coefficients, or expressed by xv^ +.J^^ + 2:7; = ?•, or 
{xv Yyi^v + z)v=-r; then the values of the three assumed 
'general quantities jt,^, %j will be determined, by assuming 
r equal to the true or experimented resistance at three seve- 
ral parts of the series, as at the three velocities 600, 1200 y 
1800 feet, by which means the resulting formula will be 
quite correct for all these three velocities, and very nearly 
so for all the other or intermediate ones. Now, the experi- 
mented resistances for those three velocities are 6*9, and 
S5'275, and 85*537 y these numbers then being substituted 
severally for r, there results the three following equations, 

600*x -h 600^3^ + 600 J? = 6-9, 

1200*jr -I- I200'^y + 1200 5; = 35-275, 

1800*^ + 1800^3^ + 1800* = 85-537. 
Then, dividing the first of these by 600, the second by 1200, 
and the third by 1800, there result*the three 
mOx + yV 600 + ar = '0115, 
1200jr +3/^1200 + 2: = -029396, 
ISOOjt +3/^1800 + z = -0475205. 
Now, subtrac^ting the first of these from, the 2nd, and the 2nd 
from the 3rd; there result these two, 

600^ -f- (^1200 - s/ 600) j^ = -017896, 
600T -H (VI8OO — v'lSOojj/ = '0181245. 
And the difference of these two is 

( V' 1 800 - 2 \/ 1 200 + v^ 600)j/ = '0002285, or div. by 
\/600 it is (^/3— 2\/2 + -v/l)j/=-00000933, and then 

^^ -00000933 -00000933 ^^^^^^« , 

^"^IT^^W^i = =^096376= " -0000968, the value of y. 
Hence 600jr= -017896 -(-/ 1200 - v^ 60O)j^z=-018878, 
and also 600^=-018l245 — (v'1800- v/l200)y=-018878, 

*018878 * 

therefore xzz ^^ = -000031463, the yalue oi x. 
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Then z—. -Oils- 600jr — J/V 600 s= - -005007, 
or z = -029396 - 1200jr - y v' 1200 = - -005007, » 
and z =-0475205 - ISOOx — 3/ \/ 1800 = - '005007, 
all the three values the same, showing so far the truth of 
these deductions. Hence tlie general formula for the resist- 
ance will be nearly 

(•00003 146t; - •0000968v/v - -005) v = r, 
or (-OOOOSjSv - -0001 ^v — -005) v — r, 
which is quite correct for the three velocities, 60O, 1200, 
1800, and very nearly so f 01; all the others. 

29. But, further, the middle turn '0001 v^v may be ex- 
punged, and so the formula rendered much more simple, in 
the/ollowing manner. By adapting this formula to a few 
of the velocities, in different parts of the series, it is found, 
not only that the 2nd and 3rd terms, '0001 \^v and '005 are al- 
ways both very small in respect of the first term -000031461;, 
but also that the 2nd term, -000 1 v'r, may be generally 
taken at about 4 of the 3rd term '005, or nearly = -003 on 
a medium; therefore these two small terms together are 
nearly = '008;, consequently the foregoing formula becomes 
(•00003146V — -008) v =: r nearly. 

30. Computing now, by this formula, all the series of the 
resistances, or values of r, for all the several velocities, it is 
found that they come out a little nearer than those by the 
former theorem (-00002665^ - -004) v = r, but 'having dif- 
ferences from the true resistances the reverse way, most com- 
monly, the one from the other, that is, the one being in ex- 
cess, for the most part, when the other is in defect. This 
circumstance then naturally suggests the idea of taking the 
medium between the two, for a still nearer formula, that is, 
half the sum 

of (-00002665^ — -004)^ = r, 
and (-000031461; — -008)1; =c r, 
which is (-000029061; - -006 )v ;= r, 
or nearly (-000029 Iv — -006)1; = r, 
the diametffr of the ball being 2 inches ;i and therefore, for 
any other diameter (/, the resistance will be 

(•000007S V — -0015)^*= r. 
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31. Now, by comptiting, by the preceding formulae, the 
resistances for all the velocities, they come out as in the fol- 
lowing table. 



Velo- 
city 


True re- 
sistance 

1. 




Resistance by the Formulae. 




•0O002665t/a 


•O00O3146i>a 


•OOtOi9()6«* 


•00t03g26i;« 


•00003028t;< 


by exper. 


— OO^t). 


— -OOSu. 


-•006» 


— 'OOVt; 


— •oovjv + o-a 


feet 


lbs. 


lbs 


lbs. 


lbs. 


lbs 




100 


•17 


--13 


-.•48 


-•31 


-•39 


-0-11 


200 


•71 


+ •27 


-•34 


--04 


--19 


+0-08 


300 


rei 


1-20 


-f43 


+ -82 


+ -63 


0-88 


400 


2-91 


2'67 


1-83 


2-26 


2-05 


2-29 


500 


4^65 


4-67 


3-87 


4-28 


4-08 


4-29 


600 


6-90 


7-20 


6-53 


6-87 


6-70 


6-90 


700 


9-75 


10-21 


9-82 


10-06 


9-94 


1012 


800 


13-25 


13-82 


13-73 


13 -.82. 


13-77 


13-95 


900 


' 17-52 


18-00 


18-28 


18-17 


18-22 


18'3S 


1000 


22-63 


22-67 


23-46 


23-11 


23-28 


23-41 


UOO 


28-56 


27-87 


29-27 


28-61 


28-94 


29-06 


1200 


35-28 


33-27 


35-70 


34^70 


35-20 


35-30 


J 300 


42-71 


39-87 


42-77 


41-38 


42 08 


42-15 


1400 


50-72 


46-67 


50-46 


48-64 


49-55 


49-62 


1500 


59-19 


5400 


58-79 


56-48 


57-64 


57-69 


1600 


67-93 


61-87 


67-74 


64-90 


66-32 


66-36 


1700 


76-78 


70-47 


77-32 


73-90 


75-61 


75.63 


1800 


85-54 


79'20 


87-53 


83-48 


85-50 


85-52 


1900 


94-11 


88-67 


98-37 


93-65 


96-01 


95-99 


2000 


I02'36 


98-67 


109-85 


104-00 


106-92 


107-09 


I 


2 


3 


4 


5 


6 


7 



Where the 6rst column contains the series of velocities, the 
2nd column the series of true or experimented resistances; 
the 3rd the resistances as computed by the formula 
•00002665V* r- -004^, or (-02665z; - 4) )^ -OOlv, in which 
we perceive that the numbers agree nearly with the true re- 
sistances as far as to the velocity 1100, after which they are 
gradually more and more in defect, till the error amounts to 
more than 7 out of 77, or about the ^ part, and which there- 
fore deviates too much from the truth in the higher veloci- 
ties, Again, the 4th column contains the resistances as cotn- 
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puted froiii the formula '00003 146v*-*'008t; of (•08146v-^6) 
X'OOl^;, which agree nearly with the true resistances as fat 
as to the velocity 1700, after which they are in excess, haifing 
in the 1800 Telocity 2 in excess, or the 43rd. part; in the 
1900 velocity^ 4 in excess, or the 24th part ; and at the 2000 
velocity, 7 in excess, or the 15th part. Further, the 5tb co- 
lumn contains the resistances as computed from the theorem 
•OO002906t;* - '0061;, or (•O290to - 6) X 'OOlt;, being the 
medium between the two preceding ones ; and these numbers 
are nearer the truth than either of the former, the greatest 
error, in defect, being, at 1700 velocity, between 3 and 4, 
or about the 20th part. Also, in the 6th column are exhibit- 
ed the resistances as computed by the theorem -OOOOSOSCv* 
— •0071/ or (•03026v— 7)x 'OOlv, being the medium between 
the two preceding it, which may be esteemed sufficiently 
near the truth, varying but by two or three units in the last 
two velocities. 

But, it must still be understood that for the first three or 
four velocities, the foregoing. simple rule '0000176^% will 
always give the nearest value of the true resistance. 

32. Lastly, another theorem may be found still a little 
nearer the experiments, on this principle, viz, in three terms, 
containing the square of the velocity, and the velocity, and 
a constant quantity, as xv^ + yv + z. Now, expounding v 
severally by the three velocities 6p0, 1200, and 1800, and 
making the results equal to their correspondent resistances, 
we obtain the following near values of the coefficients, viz, 
4?= -00003023, and J/ = — -00716, and z =s 0*3 ; by which 
the assumed theorem becomes '000030281;* — '001\v + 0-3, 
nearly. Then the resistances computed by this formula, for 
all the velocities, or Values of v, they are as arranged in the 
7th or last column, and are mostly nearer than the preceding 
ones, being only a littte too small in the first two or three 
numbers, and too large in the last t^vo numbers. Indeed 
most of these theorems exhibit the last two numbers as larger 
than the experimented onesj whence it maty be suspeeted. 
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that these two numbers are really too small, and that they 
Bbould probably be about 95 and 104. 

• 33, Carol. 1. The foregoing rule •00003026t^ — '0071; 
rr r, in the 6th column, denotes the resistance for the ball 
in the table whose diameter is 2,, the square of whic^ is 4*; 
hence. to adapt it to a ball of any other diameter rf, we have 
only to alter the former in proportion to the squares of the 
diameters, by which it beoomes ^ (-000030261;* -•007t')rf* = 
(•0O00O7565t;* -^ '00\l5v)d^y which is the resistance for the 
ball whose diameter is flf, with the velocity v. 

34. CoroL 2. And, in a similar manner, to adapt the 
theorem 'OOOOnCt^* = r, for the smaller velocities^ to any 
other size of ball, we must multiply it b}' ^c?*, the ratio of 
the surfaces, by which it becomes •0O0O04?4fiPx;* = r. 

We shall soon take occasion to mate some applications in 
the use of the foregoing formulas, after considering the ef- 
fects of such velocities in the case of nonresistance. 

PROBLEM III. 

35. To determine the Height to which a Ball will rise, when 
discharged frovi a Cannon Perpendicularly Upwards with a 
Given Velocity y in Nmiresisting Space, or supposing ?io 7?^- 
sistance in the Air. 

By art. 73 pa. 151 vol. 2 of the Academy Course, it ap- 
pears that any body projected upwards, with a given velocity, 
will ascend to the height due to the velocity, or the height 
from which it must naturally fall to acquire that velocity; 
and the spaces fallen being as the square* of the velocities; 
also 16 feet being the spacQ due to the velocity 32 ; there- 
fore the space due to any proposed velocity v, will be found 
thus, as 32* : 16 ; : V* : 5 the space, or as 64 : I : : v* : ^'^v* 
= s the space, or the height ^to which the velocity v will 
cause the body to rise, independent of the air's resistance. 

Exam. For example, if the first or projectile velocity, he 
8000 feet per second, being nearly the greatest experimeuted 
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velocity; then the rule ^-'^v* = s becomes -5?^ x 2000^ = 
62500 feet zz 11|. miles; that is, any body, projected with 
the velocity 2000 feet, would ascend nearly 12 ipiies in 
height, without resistance. 

36. CoroL Because, by art. 88 Projectiles vol. 2 of the 
Course, the greatest range is just double the height due to 
the projectile velocity, therefore the range, at an elevation 
of 4?5°, with the velocity in" the last example, would be 23f 
miles, in a nonresisting medium. We shall now see what 
the effects will be with the resistance of the air. 

PROBLEM IV. 

37. To determine the Height to which a B(d{y projected Up- 
wards as in the last Problem^ will ascend^ being Resisted by 
the Atmosphere. • v 

Putting X to denote any variable and increasing height as- 
cended by th^ball; v its variable and decreasing velocity 
there; d the diameter of the ball, its weight being w; m zz 
00000757, and n zz -00175, the coefficients of the'two terms 
denoting the law of the air's resistance. Then [mv^ — nv) 
(/% by cor. 1 to prob. 2, will be the resistance of the air 
against the ball in avoirdupois pounds; to which if the 
weight of the ball be added, then [mv^ — nv)d^ + w will be 
the whole resistance to the ball's motion ; this divided by a;, 

the weight of the ball in motion, gives ^"*^ "" - — tJf =- 

mr' — nv 



d^ -\- 1 zz y the retarding force. Hence the general 

formula vt> = ^gfx (theor. 1 pa. 342 vol, 2 of the Course) 

becomes — vv zz 2gx X > making v negative 

because v is decreasing, where ^ = 16 feet ; and hence 

• \ . 

u> vv . —to vv 

^ = — —- X z — :: tt: = r X 






Now, for the easier finding the fluent of this, assume 
and wv = 2« -f ^«, and v* ^ + /*- = «% apd v* - 
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i- V s= r' — --- ; these being substituted in the above va- 
in 4m' ' ° 

loe of Xy it becomes x = 

tS + - — Z • • • • 
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2m 
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*• 


"" J 




+ ...* 



putting p = £, and g^ = £:/-/>% or p* + y* = ;;^. 

Then the general fluents, taken by the 8th and Uth forms 
vol. 2 pa. 307 of the Course, give a: = -^^ x [-J log. (z* + 

5^') + -J- ^ ^''^ ^® ^^^' ^ *"^ ^^"- ^5 = ^, X [i log. (w» 
— — f + ^) + —- X arc to rad. y. and tang, v — p]. But, 

at the beginning of the motion^ when the first velocity is v 
for instance, and the space x is = 0, this fluent becomes 

^ = -S ^ t-^'^S- (V* - ^v + ;;^)+-^x arc radius y 
tan. V — p"J. Hence by subtraction, and taking v = for 
the end of the motion, the correct fluent becomes 

(arc tan. v — p — arc tan. — : p to rad 9)]. 

But as part of this fluent, denoted by -~ x the dif. of the 

two arcs to tans, v — p and — p, is always very small in com- 
parison with the other precedirig terms, it may be omitted, 
without material error in any practical instance; and then the 

n w 

fluent is x = —^ x hyp. log:. ~ — > for the ut- 



most height to which the ball will ascend, when its motion 
ceases, and is stopped, partly by it? own gravity, but chiefly 
by the resistance of the air. 

38. But now, for the numerical value of the general co^ . 

efficient - — -^ and the term -^ : because the mass of the 

ball to the diameter rf, is •5236rf'^ if its specific gravity be s, 

its weight will be '52^6sd^=zw; therefore -^='52365d, and 

^ = 69259sdy this divided by 4^ or 64, it gives -j-j = 
lOS2sd for the value of thie general coefficient, to any diaoie- 
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r 

ter d and specific gravity s. And if we further suppose the 
ball to be cast iron, the specific gravity, or weight of one 
cubic inch of which, is •268551b, it becdoies 290"6fl?, for that 

coeflScient; also 69259sdzzlS6O0d = -^„and'— = 231-5. 

ma' m 

Hence the foregoing fluent becomes 290*6 X hyp. log. 

¥« — 231-5i;+ 18600 ^^^ , i V* - 231-5v + 18600d 

T^SSm ' or 669dx com. log. liioorf— ' 

changing the hyperbolic for the common logs. And this is a 
general expression for the altitude in feet, ascended by any 
iron ball, whose diameter is d inches, discharged with any 
velocity v feet. So that, substituting any values oid and v, 
the particular heights will be given, to which the balls will 
ascend. 

39. Exam, 1. Suppose the ball be that belonging to the 
last table of resistances, its weight being 18 oz, or l^lb, and 
its diameter 2 inches, when discharged with the velocity 
2000 feet, being nearly the greatest velocity for any iron 
ball. The calculation being made with these values of (/and 
V, the height ascended is found to be 2653 feet, or only 
about half a mile; though found to be almost 12 miles with- 
out the air's resistance. And thus the height may be found 
for any other diameter and velocity. 

40. Exam. 2. Again, for the 24lb ball, with the samt: 
velocity 2000, its diameter being nearly S'Qzzd. Here 669flf 

AT^^ J v»-.23l-5v+186O0d 36416 , , r u- i. • 

= ^^^^' ^"^ iiioo3 = USTe' ^^^ ^^S- ^f ^'hich IS 

1-54354; theref. l-54354x 3746= 5782=ar the height, being 
a little more than a mile. 

We may now examine what will be the height ascended, 
considering the resistance always as the square of the velocity. 

PROBLEM V. 

4l. To determine the Height ascended by a Ball, projected as 

in the two foregoing Problems; supposing the Resistance of 
the Air to be as the Square of the Velocity. 

Here it will be proper to commence with selecting some 
experimented resistance corresponding to a medium kind of 
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velocity, between the greatest velocity and nothing, from 
\vhich to compute the other general resistances, by consider- 
ing them as the squares of the velocities. It is proper to as- 
sume a near medium velocity and its resistance, because, if 
we assume or commence with the greatest, or- the velocity of 
projection, and compute from it downwards, the resistances 
will be everywhere too great^ and the altitude ascended much 
less than just ; and, on the other hand, if wc assume or com- 
mence with a small resistance, and compute from it all the 
others upwards, they will be much too little, and the com- 
puted altitude far too great. But, commencing with a me- 
dium degree, as for instance that which has a resistance 
about the half of the first or greatest resistance, or rather a 
little more, and computing from that, then all those com- 
puted resistances above that, will be rather too little, but all 
those below it too great ; by which it will happen, that the 
defect of the one side will be compensated by the excess on 
the other, and the final conclusion be near the truth. 

42. Thus then, if we wish to determine, in this way, the 
altitude ascended by the ball employed in the former table 
of resistances, when projected with 2000 feet velocity; we 
perceive by the table, that to the velocity 2000 corresponds 
the resistance 102lb; the half of this is 51, to which resist- 
ance corresponds the velocity 1400 in the table, and the next 
greater velocity 1500, with its resistance 59, will be proper- 
est to be employed here. Hence then, for any other velocity 
V, in general, it will be, according to the law of the squares 

of the velocities, as 1500* : v* : : '59 : ,— - = -0000264?;* = 
av^, putting a = '000026^, which will denote the air's resist- 
ance for any velocity v, very nearly, counting from 2000 
down to 0. ... 

43. Now let X denote the altitude ascended when the ve- 
locity is V, and w the weight of the ball : then, as above, av* 
is the resistance from the air, hence av^ + ap is the whole re- 
sisting force, and ^ — ^ =/ the retarding force ; 
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av^+ » 



therefore - w == 2gfx = —!^ x 2gx ; 



and hence x = -— ^ x 



XV 

—to vi' — w viz 



X 



a 

the fluent of which, by form 8, is ^ x h. log. (v* + — ) ; 
which when x = 0, and v = y the first or projectile velocity, 
becomes O = ^ x h. 1. (v* + ^) ; therefore, by subtract- 
ing, the correct fluent is ;r = — x h. 1.— ~, the height x 
when the velocity is reduced to v; and when v = 0, or the 
velocity is quite exhausted, this becomes — x h. 1. ^^--i^ 
for the ,whole height to which the ball will ascend.' 

44. Ex. 1. The values of the letters being w = Hlb, 
4fg = 64, a = '0000261, the last expression becomes 670 X 

1 , v« + 42880 ,^^ , v« + 42880 . , 

here the first vel. v being 2000, the same expression 1484 x 

t' + 42880 

S- — iassir '^^comes 1484 x log. of 94-28 = 2930 for the 
height ascended, on this hypothesis; which was 2653 by the 
former problem. 

45. £x. 2. Supposing the same ball to be projected with 
the velocity of only 1500 feet. Then; taking 1100 velocity, 
whose tabular resistance is 28-6, being nearest to the half of 
that for 1500. Hence, as 1 100* : v* : : 28*6 : -000023641;* =flv*. 

TThis value of a substituted in the theorem — x h. 1. 2^!^^^^ 

also 1500 for V, and l^ for w, it brings out x = 2882 for the 
height in this case. , 

^46, Ex. 3. To find the height ascended by the same 
ball, projected with 820 feet velocity. Here t&king 600, 
whose resistance 6-90 is a near medium ; then as 600* : 6-90 
: : 1: -000019^ = a. Hence ~ x h. 1. ^l^^ = 1802 the 
height in this case. . . 

47. Ex. 4. With the same ball, and 1640 velocity. As- 
sume 1200, whose resistance 35*275 is nearly a medium. 
Then as 1200* : 35-275* : : 1 : -0000245 = a. Hence — x 

64a 

h. 1. ?I— S = 2500, the height in this case. 



■s 
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48. Ex» S. For anj. other ball, whose diameter is rf, afid 
its weight a;, the resistance of the air beins: — r- = -t-t-t- = 

^ ' ° 4 132542 

WV, putting b = ' ^ the retarding force will be — ^' — ?' 

thence — w =: 2^* x , and * = s— x r—r — , and 

the cor. flu. x = ^r-rz- x h. 1. — -- — = 7-7— x h. 1. 

4g6rf» 6d«i;a + » 4g^d* w 

for the whole height when v == 0. Now if the ball be a 24 
pounder, whose diameter is 5*6 nearly, and its square 31*36 ; 

then W' = -OOoaoTU. aiid j^ ^ -g^ = 335P = 1810 ; also 
r = 2000, WV = 829, and ^iJl^lt^ = 2!^ = ^; 
therefore jt = 1810 x h. L-^r = 1810 x 3-57071 = 6463, 

24 ^ . 

being more than double the height of that of the small ball, 
or a little more than a mile, and nearly the same as in the 
2d example tp prob. 4. 



PROBLEM YI. 

49. To ascertain the Time of the Ball's ascending to the 
Height determined in the last Problem,^ by the same Pro^ 
jectile Velocity as there given. 

By that prob. ;f = ■^- x — ^^theref.*= — = 7 X — - — . 

the fluent of which, by form 11, is o-^\^~ x arc to 
radius l tang. — ^ = ^^^ — X arc tan. ; or bv cor- 



rection i = s^'^^T ^ ^^'"^ ^*^S- -~ - arc tang. — ^), 

the time in general wheii the first velocity v is redoced to 
V. And when v = 0, or the velocity ceases^, this becomes 
t = --,/ — X arc to tang. for the time of the w^ole 

9g a ** to 

ascent ; which is also equal to — x arc to tang, v and rad* 

m 
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50. But -- X V or -— denotes the time of the body's 

%g 32 •' 

whole ascent in free space, projected up with the same ve- 
locity V. Therefore the whole time of accent in free space, 
is to the whole time of ascent in the atmosphere, commenc- 
ing with the same velocity, as the tangent of v, is to its arc, 
the radius being ^—. 

51. Now, as in the last prob. v = 2000, w=li> « =* 
•«^026 « =. jJ^. Hence ^ = 42900, and ^^ = 207, 

and =: 9*66184 the tangent, to which corresponds the 

arc of 84° 6', whose length is 1'4678 ; then ^ x 207 X 

i.^i^fYo 207x14678 ^/r ^ i l i . r 

1*4678 =: — rs — = 9 5, the whole time of ascent, 

( ' 

52. CoroL 1, The time of freely ascending or descend- 
ing through the same height 2800 feet, nearly the mean be- 
tween the two former results, that is, without the air's re* 

sistance, would be ^ --g- = ^-^ = 13"|; and thS time Qf 

freely ascending, till all the velocity is lost, commencing 

with the same velocity 2000, would be -^ = -^ = 62"i = 

1' 2"^^ being in proportion to 9"^ the timie as above in the at- 
mosphere, as 9*6618 the tangent of 84V, to r46*J8 its arc. 
But the time of ascending yr^^/y through the space 2930 
only, commencing with the same velocity 2000,Mvould be 
only l"i. 

53. CoroL 2. Since the time of ascent is in general equal 
to -- ^ — arc tang, vv'— , to radius 1, nearly, the great- 
est possible time, when v is infinite, or the tangent v x 
-\/ — is infinite, or when the arc is a quadrant,,will be nearly 

~-^ifL X the quadrant to the radius 1, that is, *tt>v/ — 
where c = 3*1416, the circumference of the circle t<\the di- 
ameter 1. Now, with the given numbers, viz, ^ =*000026|^, 

c- to' ' 

c = 3*1416,^ = 64, the greatest time— ^-— becomes 9'6 
X V 10, which therefore is the greatest time nearly. For the 
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^Ib hall, when a; = 1|, orv/w = 1*06, this time 9*6 -y/w, is 
10' 176 seconds. 

54. CoroL '3. For any other size "of ball, as that of d di- 
ameter, instead of the one of 2 inches diameter, employed 
above, we must take, in the theorem, \d'^a instead of a, and 

then the whole time in this general case will be ~ X t- V~ 

2 19*2 

= — X 9'6>^.w = — j-\/«^- But w, the ball's weight, 

is as d', the cube of the diameter, therefore -—!! is as -^ — 

or as v^rf; that is, the whole time, for the ascent of different 
balls, i»as y/d^ the square-root of the diameter. Thus, for 
a 24 pound ball, having its diameter almost 5'Q, the ratio is 
s/2 to -v/5-6, or 1 to ^/2-8 = l-6733 ; then 1-6733 X 10-176 
=.17 seconds nearly, the whole time of the 24 pound ball's 
ascent, when projected with an infinite velocity. 



PROBLEM VII. 

55. To determine the Time of a BaWs ascending to its greaU 
est Height y using the same Formula of Resistance as in 
Proh. 4. 

Now, as in that problem, i = — -^ x ; — :: — ^~-t = 

-s — 3r- X . ■ .2 ; t"<5^ dividing by v, or z + p, — = f = 
z — :;r X -T-— ; the general fluent of which is / = ■ ~^^ 

2gnufi '«« + 9« ' o 2^9rf« 

X arc to tang - or ^— and radius 1 ; or, by correction, / = 
^ X (arc to tang, ^^-^ — arc to tang. ^-^). But, when 

the first velocity v is great, the arc to this latter tangent ^ "^ 

may be omitted, is equal to nothing, or as of no effect, since 
the value of p is 1 15|^, and when the small velocity vis about 
100 or 200, the resistance, by the formula -000030261;* — 
•007t;, here used, comes out either nothing, or a small quan- 
tity negative. The latter arc being rejected then, there re- 
mains only J^^" X arc to tangent ^^ to radius L 



S6. F4r Esfmipk. With the If lb ball of 2 irtchei dia- ^ 
meter, and 2000 feet velocity ; that is wrz,\\ or 1*125, d^2i 
V = 2000; also m ss -00000^57, n = -00175; rfjfen — = 

231, and ^ =: 115* =p, and -^ x 37153 =p* + f^ and 
y = ,/(37153-p*) zz 154|; tlierefore '~~;pi =7-522; Als0 
-^ = 12-21, the tangent to the afc of 85^ 19', th^ length 
of which is 1-4890. Then 7-$2J^ 4- 1-489 =& 11-199 seconds, 
the time of ascending by this rule. And when the velocity 
vis infinite, then the tangent ^^ becomesinfinitealso; con- 
sequently its arc is a quadrant 1*570, and thcfrefore 7522 x 
1-57 = 11*81 seconds, is the time of ascent with an infinite 
velocity. 

51. Exam. 2. For any other weight of ball, as iJuppose 
the 24«lb w w, the diameter being 5-6, or more nearly 5*54.6 
= d. Here then d* = 30-758, -^ = -78029, -^ = 10307S 
= r-^-fy p = 115^ as before, a ss V'r 103078 - pM == 299-4 r 
'^gmqd^ ~ "^ = 10-76^. If the velocity v tsz 2000 as be- 
fore, then the tangent ?^ zz 6*293, the are of which co^- 
tainis 80« 58', the length of which is 1-413 3 then 10^6 X 
1*41 3= 15-20 seconds, is th? whole time of ascent when 
projected with 2000 feet velocity. Also 10*76 x 1-570 = 
16-89 seconds, is the time when projected with an infinite^* 
velocity. 

problbm viii. 

58. To determine the same as in Prob. t, taking iHto the af^ 
count the Decrease of Densit^j in the Mr, as the Ball ascends 

hi the Atmosphere. 

» 

In the preceding problems, relating to the height and time 
©f^balls ascending in the atmosphere^ the decrease of density 
in the upper parts of it has been neglected, the vi^hole height 
ascended by the ball being supposed in air of thi? same den- 
sity as at the e«rth'4s f ur&oe« Bat it i» well kno^ that ^ 

VOL. III. ^ 
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atmosphere must and does'decrease in^ennty upwards, in a 
very rapid degree; so moch so indeed, a^ to. decrease in 
geometrical progression, at altitudes which rise only in arith- 
metical progression ; by which it happens, that the altitudes 
ascended are proportional only to the logarithms of the de- 
crease of den»ty there. Hence it results, that the balls must 
be always less and less resisted in their ascent, with the same 
velocity, and that they must consequently rise to greater 
heights before they stop. It is now therefore to be consi- 
dered what may be the difference resulting from this circum- 
stance. 

59. Now, the nature and measure of this decreasing den- 
sity, of ascents in the atmosphere, has been explained and 
determined in prop. 76, pa. 244, &c, vol. 2 of the Course. 
It is there shown, that if d denote the aires' density at the 
earth's surface, and d its density at any altitude a, or ^ ; then 

is JT = 63551 X log. of — in feet, when the temperature of 

the air is 55^; we may therefore assume for the medium x=: 

€3500 X log. -J for a mean degree. 

60. But, to get an expression for the density d, in terms 
of or, out of logarithms, without which it could not be intrp-' 
duced into the measure of the ball's resistance, in a manage- 
able form; we find in the first place, by a neat approximate 
expression for the natural number to the log. of a ratio, 

— , whose terms do not greatly differ, invented by Dr. Hal- 
ley, and explaiped in the Introduction to our Logarithms, 
p. 110, that — Ij X D nearly, is the number answering to 

the log. I of the ratio -^, where n denotes the modulus 

^ 1 

•43429448 &c. of the common logarithms. But, we before 
found that x = 63500 x loff. of ~. or -—r is the log. of 

o rf ' 6350O ** 

rj-j which log. was denoted by / in the expression ju^ above, 

for the number whose log, is I or — ^ ; substituting there- 

* ^^*^6S5oo f^^ 'i w the expr^^ssioa ~r|-^ x d, it gives the na- 
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n — 



, . , 12'J00O J 127000n-* , , j_ 

tural number • x d = a, or ^-rrrrr =:«, the aett- 

X ' I37OOO11 + * ' 

n + I 

l'i7(K)0 

sity of the air at the altitude r, putting d =r 1 the density 
at the surface. Now put I27000n or nearly 55000 = C; 

then -^^ will be the density of the air at any general 

height X. 

61. But, in the 5th prob. it appears that ax;^ denotes the re- 
sistance to the velocity v, or at the height x, for the density 
S>{ air the same, as at the surface, which is too great in the 

ratio of c + jr to c — JT : therefore av^ x will be the 

resistance at the height jr, to the velocity v, where a = 
•000026^. To this adding w, the weight of the ball, gives 

av* X h w for the whole resistance, both from Che air 

C + X * ' 

and the ball's mass ; consequently — x ^-^ — |- — will de- 
note the accelerating force of the ball. Or, if we include 
the small part — or 1, within the factor ^-^^j which will 
make no sensible difference in the result, but be a great deal 
simpler in the process, then is -^ x -—- =ythe accel^ 

C -^ X 



rating force. Consequently — w = 2gfx = ^gx x 



• » 



X , and hence ;if = — x — :; , or by division, 

w ' c + X S^ mi* + w' •' ' 

^ X + -— jf = -- X 



c+ X 32a ^ , w • 

* a 



62. Now the fluent of the first side of this equation is evi- 
dently — X + 2c X h. 1. (c + x) ; and tb^ fluent of the latter 

side, the same as in prob; 5, is ^j^ X h. 1. (i;* + -^ ); there* 

fore the general fluential equation is — a: 4- 2c x h. 1. (c + 

x) = — X h. L (v* + — ). But, when x = 0, and v = v 

64a ^ a ' 

the initial velocity , this becomes + 2c x h. 1. c a= ^^ x 
h. 1. (v^ + -^ ); therefore by subtraction, the correct fluents 
are - jr + 2c X h. I. 5-t^ = ^ X h. J. 5^^, when the 

B2 , 
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first velocity y is diminished to any less one v; and when it 
is quite extinct^ the state of the fluents becomes — :r + 2c x 

h.l. ^-^ SB ^ X h.l. ^ — ^,for the greatest height x as- 
cended. 

63. Here, in the quantity h. 1. ^-^, the term s is al' 
ways small in respect of the other term c ; therefore, by the 
nature of logarithms, the h, J. of ^ is nearly = — r- or 

; ■ ; therefore the above fluents become — i? + 



2c+a? 



—i — = /7 * -y = ^ X h* I- -• Now the latter side 

of this equation is the same value for jt as was found in the 
5th problem, which therefore put =: i; then the value of x 
will be easily found from the formula ^~ * x=&, by a qua- 
dratic equation. Or, still easier, and sufliciently near the 
truth, by substituting b for x in the numerator and the de- 
nominator of - 7 - * r then -i^^j: := J, and hence x = - — .i. 
or by proportion, as 2c — A : 2c + A : : i : x ; that is, only 
increase the value of x, found by prob. 5^ in the ratio of Sc 
— A to 2c + A. 

64. Now, in the first example to that prob. the value of x 
or b was there found = 2930 ; and 2c being = 1 10000, there- 
fore 2c - A = 107070, and 2c + b '=s 112930; then, as 
107070 : 112930 : : 2930 : 3093 = the value of the height 
X in this case, being only 1 63 feet, or T^yth part more than 
before. 

But, for the 5th example to the 5th prob. where x was = 

6463; it will be, as 2c - A : 2c + A, or as 103537 : 116463 
:: 6463 : 7265 the height ascended in this example, being^ 
about the 8th part more than before. And so on, for any 
other examples ; the value of 2c being the constant number 
110000. 

Note. In a similar example to this, at the top of pa. 289 
yol. S of the Course, there are some errors in the numbers, 
by having used, in the expressions 2c — b and 2c + A, in the, 
2d line, the number 2955 instead of 6420, for the value of b. 



r 
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PROBLEM IX. 

65* To determine the Time of a Ball's ascending, considering 
the decreasing Density of the Air as in the last Proh. 

The fluxion of the time is / s — » But the general equa« 
tions of the fluxions of the space x and velocity v, in the last 

prob, was — -x = — x -r — ; theref, ;r = — x --— x 

777- ; hence ^or— = — x — x -^ • Bat x, which 

is always small in respect of Cy is nearly = 3 as determined 
in the last problem ; theref. ^-^ may be substituted for '-^ 

without sensible error ; and then t becomes = ^ x ^ — , x 

— w . 

av« +«' Now, this fluxion being to that in prob. 6, in the 

constant ratio of c ^ & to c + b, their fluents will be also 
in the same constant ratio* Bu|:, by the last prob. c 
= 55000, and h = 2930 for the flrst example in prob. 5 ; 
therefore c — 4 == 52070, and c + 4 = 57930, also the time 
in problem 6 was ^"^5 ; therefore, as 52070 : 57930 : : S^'S i 
1 0**57 for the time in this case, being l"*07 more than the for- 
mer, or nearly the 9th part more ; which is nearly the double, 
or as the square of the difierence, in the last prob. in the 
height ascended, 

PROBLEM X. 

^6. To determine the circumstances of Space j Time^ and Fe-> 
locitt/y of a Ball descending through the Atmosphere by its 
own Weight. 

It is here meant that the balls are at least as heavy as cast 
iron, and therefore their loss of weight in the air insensible \ 
and that their motion commences by their own gravity from a 
state of rest. The firgt object of enquiry may be, the utmost 
degree of velocity any such ball acquires by thus descending. 
Now it is manifest that the balPs motion is commenced, and 
uniformly increased, by its own weight, which is its constant 



246 XHEORY AND PfiACTlCE TRACT 3T. 

urging force, being always the same, and producing an equal, 
ilicreaae of velocity in equal times, excepting for the diminu- 
tion of motion by the air's resistance. It is also evident that 
this resistance, beginning from nothing, continually increases, 
in some ratio, with the increasing velocity of the ball. Not\', 
as the urging force i$ constantly the same, and the resisting 
force always increasipg, it must happen that the latter will 
at length become equal to the former : when this obtains, 
there can afterwards be no further accelenation of the mo- 
tion, the impelling force and the resistance being ^qual, and 
the ball must ever after descend with a uniform mp^ion. It 
follows therefore that, to answer the first enquiry, we have 
only to determine when or what velocity of the ball will 
cause a resistance just equal to its own weight. 

67. Now, by inspecting the table of resistances preceding 
prob. 1, Off in prob. 2, the \veight of the ball being l^lb, we 
perceive that the resistance increases in the last column, till 
0-709 opposite to 200 velocity, and 1*612 answering to 300 
velocity, between which two the proposed resistance 1'125, 
and the correspondent velocity, fall. But, in two velocities 
not greatly different, the resistances are very nearly propor-r 
tional to the squares of the velocities. Therefore, having 
given the velocity 200 answering to the resistance Q*709, tq 
find the velocity answering to the resistance ri25, we must 
say, as 0*709 : 1-125 : : 200* : v* = 63470, therefore v = 
x/ 63410=252 y is the greatest velocity this ball can acquire ; 
after which it will descend with that velocity uniformly, or at 
least with a velocity nearly approaching to 252. 

The same greatest or uniform velocity will also be directly 
found from the rule '0000176x7* = r, near the end of prp- 
blem 2, where r is the resistance to the velocity v, by making 

1*125 

1-125 = r; for then v* = .^jjop^ = 63920, the root of which 
is 253, the same value as before nearly. 

68. But now, for any other weight of ball; since the 
weights of the balls increase as the cubes of their diameters, 
and their resistances, being as the surfaces, increase only as 
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the squares of the same, which is one power less ; and the 
resistances being also, in this case, as the squares of the ve- 
Jocitiesi we must therefore increase the squares of the ve- 
locity in the ratio of the diameters of the balls ; that is, as 
2 : rf : : 252* : Si752d == v^, and hence v = iTSv'rf, is a 
general value of the greatest velocity for any ball whose 
diameter is d inches. 

69. If we take here the 3lb ball, belonging to the second 
t^ble of resistances, nearly, the diameter d being = 2*773 ; 
then •2-773 = 1*666, and 178 x 1*666 = 297, is the great- 
est or uniform velocity, with which the Sib ball will descend. 
And if we take the 6lb ball, whose diameter is 3*494 inches, 
as in the third table of resistances nearly: then -v/ 3*494 = 
1*870, and 178 x 1*870 :^ 333, beiftg the greatest velocity 
that cati be acquired by the 6lb b^il, and with which it will 
afterwards uniformly descend. For a 9lb ball, whose dia- 
meter is 4-00, the velocity will be 178 x 2 = 356. And so 
on for any other size of iron ball, as in the following table. 



lbs. 


Dittm. 
inches 


Termio. 

Velocity 

V, feet 


Height 

due to V, 

feet 


Times ot 
freely 
filing 


1 


1*923 


247 


948 


7*72 


2 


2*423 


277 


1193 


8-66 


i 


2*773 


297 


1371 


9*28 


3*053 


311 


1503 


9*72 


6 


3*494 


333 


1724 


10*41 


9 


4000 


356 


1970 


11*12 


12 


4-403 


374 


2174 


11*69 


18 


5-040 


400 


2488 . 


12*50 


24 


5-546 


419 


2729 


13*09 


32 


6-106 


440 


3010 


13 75 


36 


6*350 


449 


3134 


14*03 


42 


6*684 


461 


3304 


14*50 



Where the first column contains the weight of the balls in 
lbs ; the 2d their diameters in inches ; the 3d their velocities 
io which they nearly approach, as a limit, and therefore called 
their terminal or last velocities, with which they afterward 
descend uniformly; and the 4th column the heights due to 
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those Telockies, or the bd|^bts from which the balls inust deir 
acend in vactto to acquire them. Also the 5tfa or last column 
»bows the tiqies of de«cendiBg through these heights freely^ 
pr without resistance* 

But it is manifest that the balls can nerer attain exactly to 
these Tclopities in any finite tioie or descent, being only the 
limits to which they continually approach, without ever really 
feachingy though they arrive v^ry nearly at th^m in a short 
space of time n «is will appear hereafter^ ' 

70. The greatest velocity being l78y^d feet, when d is 
expressed in inches, it will be Il^v^l2(/ or 616*6 V(/, where 
(I is expressed in feet. Now,, the spaceai throiigh which a 
body must freely descend by gravity, to acquire the same 
velocity, will be thus found : as 32 : -•16:: 616-6Vi: vAj 
pr 8:1:; 6\6'6x/di s/K or Tl'\s/A =: VA, hence h = 
5944></« fiut the density of the ball is to the den^ty of the 
air, as 740Q to If nearly, or s^s 66600 to 11, or as 6054 to 1. 
And 6054 to 1 is nearly the same ratio as 5SI44(i or A to ^^ 
Therefore the greatest velocity with which a ball can descend 
in the air, is the san^e which it may acquire by falling with-f 
put resistancci and in its fall describing a space that is in 
proportion to the balPs diaineter, as the density of the ball 
to the density of the air, yery nearly. 

The exact spaces, h or 5944^, answering to the velocities 
V in the fljrd cojqmn, are ^et in the 4th column of the table 
above. Also the times of frfeely falling in vacua through 
those spaces, or of acquiring the velocities in the Srd column, 
are placed in the 5th or last column, being found by dividing 
the greatest velocity v by 32 feet, the velocity acquiired im 
the first second of tipie, viz, -^o" ^ ^ seconds, the time* 

71. To obtain general expressions for the space descended ^^ 
and the time of the descentj in terms of the velocity «: put 
» =« any space descended, / = its time, and v the velocity 
acquired, the weight of the ball w 3: l|lb. Now^ by the 
fbeorent^ near the end of prob. 2, which is the proper rule fbr 
this case, the velocity being small, '00001 76v* = ct^ is the r&* 
listf nee due to^ the velocity v \ theref. u' — ct^ is theJiinpeUiDg 
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force, and " ° =iftb% acceleraiing force ; conseq. w or 

2gfx =r 2^x X """^" , and i as ^ x — ^^I^ — , the correct 

fluent of which, by the 8th fornix nx :=i ^ x h* I. — ^^* 

the general value of the space x descended. 

12. Here it appears that the denominator w -- cv* de- 
creases as V increases ; consequently the whole value of x, 
the descent, increases with v,. till it becomes infinite, when 
the resistance cv^ is = x the weight of the ball, and when 
the motion becomes uniform, as before remarked. 

73. We may however easily assign the value of j: a little 
before the velocitv becomes uniform, or before cu* becomes 
= w. Thus, when cv* = w, then v = 252, as found in the 
beginning of this problem. Assume therefore v a little less 
than that greatest velocity, as for instance 246 : then this va- 
lue of V substituted in the general formula for x above de- 
duced, gives j:=2927 feet, a little before the motion becomes 
uniform, or when the velocity has arrived at 246, its maximum 
being 252. 

74. In like manner is the space ^o be computed that will 
be due to any other velocity, less than the greatest or termi- 
nal velocity. On the contrary, to find the velocity due to 

any proposed space x, from the formula J^=r~ ^ ^' '• "^Z~7' 

Here x is given, to find v. First then -^ = h. 1. — ^.; take 

therefore the number to the hyp. log. of -— , w.hich number 

<5all N ; then n = -—^ > conseq. vw — ncv^ = Wy and nw 

^ w ='NCv*, and v = V — ^-a;, a general theorem for the 
value of V due to any space x. Suppose, for instance, x is 
1000. Now 4fg being = 64, » = i|, and c = 0000176; 
therefore— = 1'0012, and the natural number belonging 
to this, considered as an hyp. log. is 2-72162=N; hence then 

V = V w ss 201, is the velocity due to the space 1000, 

or when the ball has descended lOOO feet. 
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75. Again, for tl|e time / of descent : here / =; — ; but 



vu 



w 



i = jp- X 1, as found abpve^ theref. / = --- x 



V 



w — cw* 



w 



the fluent of which is t---v/-^ X h, 1. 

4^ c 



s/ — + v 

c 

w 

V V 

e 



the general 



ralue of the time t for any value of the velocity v; which 

value of / evidently increases as the denominator ^ ^ v 

decreases, or as the velocity v increases ; and consequently 
the time- is infinite when that denominator vanishes, which 

is when v = \/ — , or cv* = w, the resistance equal to the 

balPs weight, being the same case as when the space x be- 
comes infinite, as above remarked. 

76. . But, like as was done for the distance x as above, we 
may here also find the value of / corresponding to any value 
of V, less than its maximum 252, and consequently to any 
value of X, as when v is 246 for instance, or jr = 2927^, as 
determined above. Nqw, by substituting 246 for v> in the 
general formula 



, it brings out t = 16^-957 ; so 



t = -- -v/— X h. 1. — 

c 

that it would be nearly 17 seconds when the velocity arrives 
at 246, or a little less than the maximum or uniform degree) 
viz, 252, or when the space descended is 2927 feet. 

77. Also, to determine the time corresponding to the 
same, when the descent is 1000 feet, or the velocity 201 : 

find the value of -r- v'— = -^y/: 



1135 



64 7 -0000176 



-^=^. Then 

64 16 



w 
"^T '*' ^ 252+201 453 , , , c v.- w /«io.i/i*T 



w 



63 



Hence 2*18407 X rr = 8"-6, the time of descending 1000 



16 



feet, or when the velocity is 201. 

See other speculations on this problem, in the 2d volume 
of the Course, prob. 22, as determined from theory, viz, 
without using the experimented resistance of the air. 
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PROBLEM XI. 

78. To determine the Circumstarices of the Motion of a Ball 
projected horizontally in the Air; abstracted from its Var^ 
tical Descent by its Gravitation^ or supposing the Ball void of 
Gravity. 

Putting d for the diameter, and w the weight of the ball, 
V the velocity of projection, and v the velocity of the ball 
after having moved through the space x. Then, by corol. 1 
to prob. £, if the velocity is considerable, siidi as usual in 
practice^ the resistance of the ball, moving with the velocity 
V, is (wv* — nv)d'^y and therefore '"^ ' "" ^^ d^ ^ is the retard! ve 

force^; hence the common formula vv = 2gfx^ is — vv = 
32jc X dS and theref. x-zz --rx — = --777- x 



— V vo —V 



' .^ X , the fluent of which is obviously 



m 
mo « t t> n 



^2^ X — hyp. log. of xj — — ; and by the correction by 



71 
V 

«0 t I tn. 



the first velocity v, it becomes x = --— - x h. log:. 



» — — 



'^ .. u 1 ^"1 



— 3g^^ X h* log. :^zr'i ^^ general formula for the distance 
passed .over in terms of the velocity, where ^ = — = 
•~'" =231. 



i)O00O7565 

79. But now to reduce the general coe£5cien^ ^^ to a 

simple number in terms of d the diameter only ; the weight 
w = •5236d^ X 4'3 3= 2id^ = ^d\ where 4-3 is the weight 
in ounces of 1 cubic inch of cast iron, or w = -^^^in pounds 

weight. Therefore —■ = -^^d, and r^^ = 581|rf; then the 

theorem -becomes x = 581^^ x h. log. ^^-^; or, multiplying 

the coeflElcient by 2*30258 the hyp. log. of 10, to reduce the 
hyp. log. to the common log. then it is or = I338(/x com. log. 

of — ;;7^> the diameter d being in inches. 



252 THEOBT AN0 PRACTICE. TRACT 37. 

80. Now, for an application, let it be required first, to 
determine in what space a 24lb ball will have its velocity re- 
duced from 1180 feet to 1500, that is, losing 280 feet of its 
first velocity. Here d = 5'546, w = 24, v =s 1,780, and t;= 

1500; also — = 231. Hence x = 7420 x log. = 

1549 ' 

7420-4 X log. J — = 642 feet, the space passed over when 
the ball has lost 280 feet of its motion. 

81. Agaii), to find with what velocity the same ball will 
move, after having described 1000 feet in its flight* The 

V — 231 1000 

above theorem is x or 1000 = 7420 x log. j-— j^j, or -^^ 
= the common log. of — rrr > ^ut the number to the com. 

o v— 231 ' 

, 1000 . , ^^^^ .1 1549 J 

log. -— IS 1*3635 = N suppose; then n = ^_ ^and nx^— 

231N =r 1549, or vv = 1549 + 231n, and v = ~ + 231 = 

1136 -f 231 = 13G7, the velocity when the ball has moved 
1000 feet. 

82. Next, to find a theorem for the time of descrilMng 
any space, or destroying any velocity. 

Here ^ =? - = — -r- x = ;r^--r. X , the fluent 

p — — 
m 

of which, by the 9th form, is / = -^—-^ X — x h, 1. 



~iT X h. 1. -^—f and by correction 

' = T^r-^T X (h- 1. — h. 1. — ^) = r:r~r X hyp. log. 

¥ — 231 V 13384 , ▼ — V ^ . i? .1 /! ^ 

n'sJr V =^ -sSr ^ ^^""^ '^S- jn^- T» P^t^ing V fo' t^^ fi^^^ 
velocity, and 231 for ~ or jf its value, as before. 

83. Now, \o take for an example the same 24lb ball, and 
its projected velocity 1780, as before; let if be required to 
find in what time this velocity will be reduced to 786. Here 
then V =r 1780, v = 786, ar = 24, £i? =: 5-546, d* = 3D-76 ; 
hence • = = 324-; and . — s: x — ^=» 

2ai 231 ^ * « - 331 V 555 ^ 1780 

i-232, the log. of which is -0906 ; jthen 32f x 'OOOe = i'B, 
the time req^uired, being almost 3 seconds. 
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Si*. For another example^ let it be requifed to find when 
the velocity will be reduced to lOOO, or 780 destroyed. Her* 
V == lopo, and all the other quantities as before^ Then 

▼ -231 V 154« IWJO 1549 ^. i ir l- i. . 

7=Wi ^ T = -^feT ^ im = l369' ^^^ '^- ^^ ^^'^^^^ »* 
•053648 ; theref. 32|. X '053648 = 1-723 seconds, is the time 
sought. 

65. On the other hand, if it b« required to find what will 
be the velocity after the ball has i>een in motion during any 
given time, as suppose 2 seconds, we must reverse the caU 

culation thus: ^ = 2" being = S2f x log, 1^*^^ " 



23! * V 



theref. — = '062218 is the log. of ^ ^ ^^^ . — , the number 
answering to which is 1*1536 =: v suppose^ that is^ ir =: 

T — 231 v _^ 

^ ' ^ g3i . — • Hence jsvv — 231nv == vt? — 23lVy and v = 

231NV 474337 ^.,1. 1 • , , ^ 

S n^N^-y = loT =^S^^» ^^ velocity at the end of 2 

seconds* 

86* The foregoing calculations serve only for the higher 
velocities, such as exceed 300 or 4O0 feet per second of time. 
But, for those that are below 400, the rule is simpler, as the 
resistance is then, by cor. 2 prob. 2, •OO0O04?4rfV :=: crfV, 
where d denotes the diameter of any ball. Hence then, 

employing the same notation as before, ^-^==/', and — rj? « 

32/jr = 32i x -— ; therefore izz z^ x — •> the correct 

fluent of which is x- = --^ X h. I. — . 

87. Now, for an example, suppose the first velocity to be 
300 = V, and the last v = 100, for a 24lb ball. Then 
a; = 24, rf = 5-546, (P = 30-76, c = -0000044 ; therefore 

^ * lioic ='^^*^ i *°^ "T = S = ^> ^**^ '*yP- ^^' ®^ 
which is 1-0986; therefore 1*0986 x 5545 =6108 == x, is 
the distance. If the first velocity be only ,200 = vj then 

- = 2, the hyp. log. of which is-693 15, therefore '69^15 x 
5542 = 3841 = x>, the distance^ 
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88. And conversely, to find what velocity will reinain 
after passing over any space, as 4000 f^et, the first velocity 

being y =i 200. Here the hyp. log. of v *^ 5^2 ==" 53^ = 
•72178, the natural number of which is 2-0(5 nearly, that is, 
206 = — : therefore v = ~ = ttt = 9TI, the velocity. 

l^ > 2*06 g'OG ' '^ 

89. Again, for the time /: since x = -—r- x — , there- 
fore ^ = ' - = r^ X ^, the correct fluent of which is 

' = 3^* ^ (V - V) = 3^« >< Tir— S^» for example, if 
V =300, and v = 100; then ^-JI-? = ^ = ^ ; and 

'^ or 5542 yt ^^:=i 36"-95 = ^ the time of reducitig the 



3'2crf« 300 

300 velocity to 100, or of passing over the space 6108 feet. 

90. And, reversing,, to find the velocity v^ answering to 
any given time /: Since t = -^ x^ ( ) = 5542 x 

/— ), therefore v = r-rr — . Here, if ^ be feiven = 30^ 

and V = SOO ; then . = 3-5|^„ = ^, X 300 = I IMhe 
yelocitj* sought. 

91 . Corel. The same form of theorem, x = -r—- xh. 1. 

' 32cci* 

— , as above is brought out for small velocities, will also 

^ serve for the higher ones, if we employ the medium resist- 
ance betvveen the two proposed velocities, as was done ia 
prob. 5. Thus, as in the first example of this problem, 
where the two velocities are 1780 and 1500, the resistance 
due to the velocity 1700, in the table of resistances, being 
76-78, say as 1700* : 1180* : : 76*78 : 84*18, the resistance 
due to the velocity 1780 ; then the mean between 84*18 and 
59'20, due to 1500 velocity, is 71*69, or rather take 72. 
Again, as V67-93 : V72 : : 1600 : 1647, the velocity due to 
the medium resistance 72. Hence, as in prob. 5, as 1647* : 
©* : : 72 : 00002654©* = suppose at;*, the resistance due to 
any velocity x?, between 1780 and 1500, for the j|lb ball. 
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And, as 2^ : 5*546* : : at* : 7*69ar* = *0O02O41ti == *t)* sup- 
pose^ the -resistance due to the same velocity with the 24lb 

ball. Therefore— = /, and — w = 32/^= |*r**, and 

PC z= ---, the correct fluent of which is -rr X h. 1. — = -ri- 

X h.l rrr. — 'TT X h. I. rr = 3674 X '171148 = 629 the 
velocity sought, nearly the same as before. 



PROBLEM XII. 

To determine the Ranges of Projectiles in the Air, 

92. To determine, by theory, the trajectory a projectile 
describes in tlie air, is one of the most difficult problems in 
the whole course of dynamics, even when assisted by all the 
experiments that liave hitherto been made on this branch of 
physics ; and must still be accounted such, in the full extent 
of the problem. Even the solutions of Newton, of Bernoullij 
of Euler, of Borda, Sec, &c, after the most elaborate investi- 
gations, assisted by all the resources of the modern analysis, 
amount to no more than distant approximations, that arb 
rendered nearly useless, even to the speculative philosopher, 
from the assumption of a very erroneous law of resistance 
in the air, and much more so to the practical artillerist, both 
on that account, and from the very intricate process of cal- 
culation, which is quite inapplicable to actual service. The 
solution of this problem requires, as an indispensable datum, 
the perfect determination by experiment of the nature and 
laws of the air's resistance at different altitudes, to balls of 
different sizes and densities, moving with all the usuaLdo- 
grees of celerity. Unfortunately however, hardly any ex- 
periments of this kind have been made, excepting those 
which have been printed in the preceding Tracts of these 
volumes; which, though so extensive and varied, I cannot 
yet undertake to pronounce that they are fully adequate to 
the purpose of all the demands, either of the practical artil- 
lerist, or the speculative philosopher. 
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'95. We have indeed^ in this extensive cSourse of experi* 
iiients, completely asicertained and proved many of the iin* 
portant circumstances relating to oiilitaiy projectiles, that 
were before unknown, or only guessed at. Such as, the na- 
ture and force of fired gunpowder ; the velocity it will com* 
nunicate to given bodies ; the laws of it^ action in guns of 
different lengths, and in charges of different quantities ; the 
effects of the air's resistance on projectiles, discharged with 
given velocities ; the quantity of that resistancie, to every 
degree of velocity, and to every magnitude of surface. In 
consequence of these, we have deduced the general law of 
the resistance, in formulae or functions of the body's velocity ; 
the motion lost in a given time, or in moving through a 
given space of air; the time in passing through a given 
sipace, or the space passed over in a given time ; the whole 
dtitade and time of vertical ascent; the terminal or greatest 
•velocity acquired by descending in the air; with other cu- 
rious particulars. 

94. The grand problem of all however still remains, the 
-cletei^ination of a projectile^s trajectory, when discharged 
in the air with any velocity, and in any oblique direction. 
The solutions of this problem that have been accompliahad^ 
or rather attempted, by the'cminent authors above mentioned, 
have amounted to nothing more than partial and barren 
speculations, of no use in -seal practice, though attempted 
by talents of the very first order, and with the aid of all the 
resources of the modern analysis, and even on the most sim- 
ile hypothesis of the air's resistance, viz» that of the square 
4ft the velocity only* But when it is considered, that even 
this hypothesis is quite inadmissible, and that there is no such 
ihtiig as any one single power of the velocity, bv which it is 
possible to express the resistance ; but that two different 
powers, at least, are absolutely necessary for that .purpose, 
as we have shown in the foregoing problems, founded on so 
matiy and such correct experiments ; wlien these circum- 
ftances are C9n8idered,. it will fully appear that, no hope re- 
soains oi the practicabiiity, i£ Q\m of the possibility,, of ob- 
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taining a correct ami scientific ^olutioo .6i dmir: general pf o^ 
biein in that -way, or indeed in afly way mthout the aid of 
sMie.furti^et e3cperiment:s of another l^indy vi;3, lo obtaiit by 
accurate exp«Hiilent8y the hommUii rang99:^ jtiip^ qf 
flight, of at least one size of ball or shelli discharge^ at all 
convenient degrees of elevation, and with all practicable dc- 
griees of velocity. If the same could be accomplished w'iA 
several sizes of shot, it would render the conglasions the 
more accurate and satisfactory ; but those data for one siz^ 
at least is absolutely necessary ; and njay be rJ^de tp answer 
the puipose of all, by means of calculations fgupd^ op c«r* 
tain known scientifie' principles; for, the raMages ^nd tildes 
£or other sizes of shot,..of eqqal density, uaay bj$ s^&cert^ined 
froin^ the experimented one, siiice all balls discharged witii 
such velocities as^ shall mahe their resis^ocevpropartiaa^tl to 
(beir motnentum, must describe simil^. curves^ ait tbe sueit 
elevation of the piece, and the seveHral line»4>f tHp tcajeBtOriei 
will all be proportional to each other,^and tblthe dis&ieterb 
of the balls. /. ' . .; 

96. Ail that can be here done then, in the sbtulic^n of the 
present problem, is to collect together sotne of the bestprac- 
tical rules, founded partly on theory, and partly on practice. 
In the first place then, it may be remarked, that the initial 
or first velocity of a ball may be computed from the tabte 
of experimented ranges and velocities as in the following 
problem. 

PROBLEM XIII. 

To assign the Charge of Powder necessary to pjngect a gioen 

Ball with a given Velocity. 

96. ^By the foregoing experiments it has been found that 
the velocities to different balls, and different charges of pow- 
der, with similar guns, are as the square-roots of the weights 
of the powder directly, and as the square-roots of the weights 
of the balls inversely. Thus, if it be enquired, with what 
velocity a 24>lb ball will be discharged by &lb of powder : 

VOL. III. 8 
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k appears in the table^ that 8 ounces of powder di8cbar|;e 
the lib ball with 1600 feet velocity ; and because 8lb are = 
ISS ounces; therefore by the rule, as %/|: V^ : : leOQ: 
letO^ii = lC00i/|. =£1806^ the yelocity^ sought. 

97. Otherwise. Say, as the root of the weight of the shot, 
is to the root of double the weight of the powder, so is 1600 
to the required velocity. That is, in the present example, 
as \/24 : VlSii 1600 : 1306, the same velocity. 

98. But when the charges bear the same ratio to one 
another as the wright of the balls, that is when the pieces 
are said to be alike charged, then the velocities will be equal 
nearly. Thus, the lib ball by the 2 oz charge, being the 
Sth part of the weight, and the 24lb ball, with Sib of pow- 
der, its 8th part also, will have the same velocity, viz, 800 
leet* In like manner, the 1200 tabular velocity, answering 
to 4 ez of powder, the 4th part of the ball, will nearly be* 
long to the 24lb ball with 6lb of powder, being its 4tb part, 
>and the tabular velocity 1600, answering to the ^ oz charge, 
which is 4 the weight of ball, will equally belong to the 24lb 
ball with 12lb of powder^ being also the i of its weight. 
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855 
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924 
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1018 
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1131 
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1306 
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1600 
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2263 



99. Corollary. In the same manner has 
been' computed the annexed table of the 
initial velocities, of any cast iron ballSy as 
projected from the usual length of guns, 
by aH the charges of powder, from 4^ the 
weight of the shot, up to the full weight 
of the same ; the strength of the powder 
being supposed uniform, and of the best 
kind used by government, or such ais will 
show 40 or upwards, on the line of chords 
of my powder eprouvette,, by the. explo- 
sion of 2 ounces of the powder. 

The first column of the table shows how 
often the wt. or charge of powder c, is 
contained in the weight pf the ball 5, being 

the quotient — of the ball dirided by the 

charge of powder, or the ratio of the for- 
mer to the latter. And the latter column 
contains the correspondent velocities given 
to the ball by those cliarges, being the 

. several values of the theorem 1600v^-^ in 

feett 

100. This table will be useful on many occanonsi the 
velocity being taken out by inspection : So, if it be idesired 
to know what velocity will be given to a baU by.^ of its 
weight of powder, the table shows between 11.00 and 1200 
feet. Or, reversewise, it shows what proportion of charge 
will give the ball any proposed velocity. For, numbers 
intermediate to those in the table, proportion or an allow* 
^nce may be made ; so, if it be desired to know what charge 
will give any ball 4 velocity of 1500 feet per second, the ta^ 
ble shfiiws that the requisite charge of powder must be nearly 
a medium between 4 and f the weight of the balU But if 
the exact quantity of charge be desired ^ it will be easily ob- 
tained by using the general theorem leoOy'^* vizi i» ^b^ 

92 
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present oa9e> IfOOv^y as 1500, or l^^^ = 15 ; hence 

ly ; that is, the charge of powder must be almost |- of the 
baH's weight, to give it 1500 feet velocity. So, if the ball be 
4d impounder, die charge will be 8lb nearly* But, for ^ 
t4-»p6under, the charge will be almost lOflb* 

i ■ 

niOBLBM xnr. 

jTo assign the JSlevation necessary to give a Piece, discharged 
: tedM a gifoen Velocity , so as to hit an Object placed. at a given 
Distance^ 

^ 

101. This is a very useful problem in the practice of ar- 
tillery. For, it is obvious, and a circumstance well known, 
that to hit an object at some distance from the piece, it id 
necessary to point the piece rather above the visual line of 
the object, on aiccount of the descent of the shot during the 
time of its flight, by its natural gravity or weight. For, 
were the shot discharged exactly in the line of the object, it 
"iirould be sure, in consequence of its natural descent, to fall 
l^o low, and miss the mark. The practice is therefore to 
elevate and point the piece to a place as much above the ob« 
ject as- the ball is supposed to drop in the course of its flight, 
lo^that it may jast meet the object when it has arrived at the 
known distance: The quantity of this elevation however is 
uftUally a very vague and uncertain degree, being taken with- 
out any kind of rule, and only guessed at, more or less, ac- 
cording to the various notions of every practitioner. It is 
obviouis then that this way must at the best afford but a very 
VQcertain result, even when the shot is supposed to be pro- 
jected exactly in the line the piece is pointed in, which how* 
ever is commonly far from being the case, on account of 
several causes of irregularity in the usual practice. 

i02. One of these causes is, the quantity of windage, by 
the balls being mostly too small for the bore of the piece : 



the consequence of this is, that the ball, in pasmg througii 
the bore, is kicked about from side to side,* which renders it 
a matter altogether of chance what course the shot may take 
when out of the piece, as it depends entirely on the part of 
the bore the shot last strikes, before it issue out of it, whether 
it may take a course to the right or the left of the plane of 
direction, or whether it shall rise above the Kne of direction, 
or^ink below it ; as the ball usually takes^^ course opposite 
to the last point that it strikes and rebounds from. To go 
regular and straight along the bore therefore, it is desirable 
and necessary^ that the shot be as large as it caii be, coiive« 
niently to enter the bore of the piece. This circumstapof 
will also be attended with other considerable advantages., tht 
sparing of gunpowder, as much less of it will suffice, and 
the shot will have much more velocity^ with far less exp«Ds# 
of powder, 

103. Another disadvantage in the use of artillery, is the 
shape of the shot, being globular. In consequence of tUs 
shape it is, that it is knocked about in the bore, from side to 
^ide, and it acquires mostly a rotatory motion round an axis, 
the effect of which is, after leaving the piece, to cau^ the 
ball to deviate and turn aside, more and moce in its flight, 
from the line, of direction. Whereas if, instead of the round 
ball, the shot were made in the shape of a cylinder, mor&or 
less long, but of equal diameter with the bore very nearly, 
the shot would go straight forward along the bore, and out 
iof the piece, at the direction this is pointed in, and arrive at 
the object with far less cause of deviation. Not only so, but 
the guns would be much less injured, and the expense of 
powder also less. Other advantages would also attend this 
change in the shot; as, from its superior weight, it would 
range much farther ; and, in the sea service, would have not 
only the common advantage of a heavier shdt, but also, from 
its irregular shape, making a perforation in the side of a ship 
which could not easily be closed or repaired. By these 
means the practice coiild be rendered both more efficacious 
Mid more certain.; and conseqtlently^ instead of mefdygu^s^ 
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ing at the liequtsitequantity of eleTation in the piece, to hit 
a distaat object, the practitioner Mght be supplied with cer^ 
tain easy and practical, jruk^.^Dr making that allowance of 
devation. 




104. Thtti then, suppose the mark or object b, at the 
horizontal distance ab, from the gun at a. No^ suppose, 
^rst, that the ball is discharged in the horizontal direction 
AB, in which case the gnn is said to be laid, and the shot fired 
p<Hnt4>lank, and is supposed to proceed a considerable way 
in that direction; yet the ball consUntly descends from the 
borizontai line from the ycary beginning of the motipn, 
though for a considerable space the descent is so little as. to 
be hardly perceptible. For, in fact, as soon asrcvifr the slM>t 
issues from the piece, it is deflected below its direction by tbQ 
force of gravity, and that more and more rapidly, the loijger 
it is in motion, in proportion as the square of the time. So 
that the point-blank shot is to be considered only so far as till 
the descent from the horizontal line, or the angle bag can 
Jie practically observed ; or, while that angle is so small, by 
the curve line AC deviating so little from the right line ab^ 
that the difference may bencglected, without any considerable 
error. But in cases in which the space and time of flight are 
so considerable as to deflect the shot in the curve line ac, to 
the depth of bc below the intended object 9,.4hen in practice 
the gun must be pointed in the direction ad, at a mark d, as 
much above A as c is below b ;. for then taking the curved 
path ab, it may arrive at the object b. . We are thjcrefore to 
consider the projectile in the direction of the right line ad, 
^d find how far it will sink below ihat lir^e ^t the point Di 
which will he verj easy, if the time of moving from a to n 
tr a be known, fof tb^ ^m ^ill be described by the acir 
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tion of gravity, at the rate of 16 feet in the first second, and 
mor^ or less in proportion to the square of the time. Thus 

then, ' 

• 

105. Knowing the distance of the object to be struck, at 
least nearly, compute jthe velocity that will be given to the 
shot by the proposed charge of powder, or the charge that 
will be adequate to a proposed v.elocity« Thus having the 
initial velocity, compute by prob. 11, the velocity that will 
be lost by the shot in passing through the given space of 
air, between the gun and the object to be struck; which, by 
subtraction, will give the velocity of the shot when it strikes 
the object. Take then the mean between this and the initial 
velocity, which may be accounted a medium uniform velocity 
with which the shot flies through the air, from the gun to 
the object. Divide then the given space or distance by that 
mean velocity, both in feet, and the quotient will be the 
time of the flight in seconds very nearly. Or find the time 
at once, by the 1 1th prob. of pacing over the given distance. 
Lastly, find the space through which a body will freely fall 
by gravity in that time, and it will be the required quantity 
nearly, which the piece must be pointed above the object^ 
in order to hit it. Or compute, by prob. 10, the space the 
body will descend in the air, and that will be the requisite 
height to be pointed above the obj^ect, nearly. 

106. For example. Suppose the distance of the pbject be 
1000 feet, and the piece a 2f-ppuii^er, charged with 6lb of 
powder. Then, by the hist prob. as ^24 : ^/\2 : : 1600 z 
1600 Vi = 1131 =B V the initial velocity. Next, by prob. 
11, 1131 - 2»1 = 900^ and 5f = r3635, then ^4r231 = 
660 + 231 X 891 = t? the last velocity at the place of the 
object; add the medium between U3) and 891 is 1011; then 

— = 1 second nearly, the time of flight. But it is well 

ion T ' ° 

known, that the space freely descended in 1 second is 16 feet. 
Therefore, if the gun be pointed at a place 16 feet above thp 
object, it wiU hit it. Or, if 16 be divided by the distapCjg 
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1000, and the (Quotient '016 be sought in a table of natural 
taiigents, it will give 55', or almost 1°, for the angle tlie gun 
roust be elevated to. Or, if the log. of *016 or f/wcbe found 
in tbe log. tangent^) it will give the saihe angle of elevation 

'• 107. Ol*, to find the time by the formula in the lUh 
problem, it will be S2| x log of IZ231 * "7 ~ ^^^ ^ '^^* 

1131-231 8^1 ^^ 1 900.891 .^ , 50 891 

S91 - 231 • l|i "" ^^* "" ^''^' e^oTTsl = 32i X log. J5j^^=r 

321 X log. JIJ^ = 32| X -031114 = r005426, or I second 

Uearly, the same as above found, by dividing the distance 
by the medium velocity. 

lOS. Example. 2. To determine the elevation of a 12- 
ipdunder gun, charged with 4lb of powder, to hit an object 
'at 500 yards or' 1500 feet distance. — Here, the .weight of 
powder being -j. of that of the ball, by the table in prob. IS, 
the initial velocity is 1306 =v, the ball's diameter d==^'40S, 

the object's distance d = 1500 = l338fif x log. ^^^^ = 5891 

^ ^^&- S ^y p''^^- ^^ > '^^"^^ i^ = i?T - '^^^.^^^ 

the number to which log. is 1*7973 = N, that is, N == 
; this gives 'V = — + 231 = 829 = v the last ve- 



•^231 

l6city at the distance (1500) of the object. Then ^^ =; 



'2 

=: l-4.0.'i'' the i\ 
1068 



1068 the middle velocity, and ^~ = 1-405'' the lime of 
'flight by this jmethod. 

But, by the method in prob. 11,/ = — j" ^ '^S- ylr • V 

^5891 J ^ 1S06-231 829 ^^ , 1075.829 n-,.. 

-^-m- ^ ^^^- 81931SI • Ti^6 = 25^ ^ '^g- 518^306 = 2^ i-^ 

•051319 =i: 1-4616" the time, more exact, but not much dif- 
ferent from the former. 

Then, as 1* : r46* : : 16 : 34*1 feet, the height to be 

'34 

pointed above the object. Or, yr^- == 022737, the tangent 
W V 18', the angle of elevation to hit the object. 
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109. Corollary. From the preceding calculation, thefol* 
lowing general rule is easily derived, d denoting the given 
distance of the object, in feet ; dthe diameter of the ball, in 
inches, obtained from the table of weights and diameters in 
prob. 10 ; b the weight of the ball, and c that of the charge 

^cf powder, both in pounds; v = leOO-Z-j the projectile ve» 

locity, as given in prob. 13 ; t) the last velocity with which 
the ball strikes the object ; and t the time of the ball's flight> 
Then, . 

Divide d by ISSSi, considering the quotient — — as a log. 



D 



Take N = the natural number of the log. ^^ . 
Take v = ^^^ + q the final velocity* 

And t = X log. of (^^. -^).by prob. 11. 

Or / = ——5 an approximation near enough. 

4d* 

Then, 16^= r, is the height above tlie object to be 

pointed. 

Or — = — ^ is the tangent of the angle of elevation. 

110. So that, the height of the mark to be pointed at, 
above the object, is nearly as the square of the distance, and 
•the angle of elevation simply as the distance, the projectile 
velocity being the sarnie. But, in the case of different ve- 
locities, the height and the angle will be reciprocally as the 
square of the velocity nearly. When once the proper angle 
has been found, and verified by experience, then a dispcrt 
may be so fixed on the gun, that the visual line may make 
with the axis of the piece the proper angle. Now, as such 
small elevations are hardly perceptible, the reason is plain, 
why it is thought that the ball proceeds a considerable (vay 
from the gun in a straight line. But, small as the curvature 
is, when the gun is pointed horizontally, it is still smaller 
when elevated. in an angle above the horizon; because, in 
this case, the gravity aeti. obliquely ou the path, or only 
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' part of it acts on the track, in order to bend it : whereas, in 
the borizontai or point-blank direction, the whole gravity is 
employed t6 that purpose. This diminution will be nearly 
a& the cosine of the angle of elevation, being less and less as 
that angle is greater, or is pointed nearer the perpendicular; 
8o as that when pointed quite upright, it is not incurvated 
Ht all, but the ball ascends perpendicularly uprig^ht. 



PROBLEM XV. 

Tl> determine the Angle of Elevation of a Piece, to produce 
tlie greatest Range ^ also the Extent of that Range, with a 
given projectile Velocity^ 

111. In the parabolic theory of projectiles, or those made 
in empty or unresisting space, it is well known that, for the 
greatest range, the elevation or direction of the piece, must 
he such as to bisect the angle contained between the vertex 
and the plane of the range ; that is, when the range is on the 
horizontal plane, the direction of the piece niakes half a right 
angle with the horizon, or with the vertical lin6 ; but when 
the range is on an ascending plane, or one making an angle 
above the horizon, then the direction pf the piece must imake 
with the vertical line, an angle less than half a right angle^ 
by half the elevation of the plane above the horizon ; anfl 
when the range is on j» despeuding plane, or onp making ^n 
angle below the horizon, then the direction of the piece roust 
make with the vertical linc^ an angle grater th^n half a 
right angle, by half the angle of depression of th^ plane be- 
low the horizon. Also, in that theory, the trajectory, or path 
of the projectile, is a perfect p?irabola, having the two part$ 
of ihe curve^i onbpth sides of the a^jis, quite sinjiUr and equat» 
to each other. 

1 ] 2. But, in projects made in the air, none of those beacr- 
tiful properties take place; on the contrary > every thing is 
irregular and porplexed; the ascending and desc«ndi^ 
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branches Avand vc,of the 

path, on the right and 

left of the vertex, being 

quite unequal and dis*- 

similar; and, instead of 

being paraboKc curves, 

they are rather different legs of an hyperbolic kind, having 

dissimilar asymptotesy DX and fo, the former inclined to the 

horizontal line £F, and the latter perpendicular to it. 

113. In the parabolic theory, the horizontal velocity of 
the shot, or its motion' estimated in the horizontal direc- 
tion, is always constant and uniform ; because the notion of 
gravity, being the only force that constantly acts on it, is 
exerted in a direction perpendicular to the horizon^ But it 
is quite different in the other case ; where, besides the force 
of gravity acting alwa3^s perpendicular to the horizon, there 
is the resistance of the air, acting in the line of the balPs 
path, or directly opposite to its motion, which both diminishes 
its ascent, or descent, and its horizontal motion ; on which 
account, its horizontal velocity must be continually diminish- 
ing, in the whole course of the ball's motion, both in the as« 
cendiiig and descending branch of its path. Hence too it 
will happen that, in ascending, the balPs motion will decrease 
very fast, from these double causes, and it will not ascend 
near so high as in the former case, or the vertex of the curve 
will not be either so high, or so far distant in the horizontal 
direction ; that is, ab and vb will both of them be much 
smaller than they would have been in the former case. 
Again, in the descending branch vc, after having passed the 
vertex v, the gravity accelerates its motion downwards, the 
horizontal motion continuing still to decrease ; by which 
means it happens, that the direction of the descent ap- 
proaches always nearer and nearer to the perpendicular di- 
rection, or towards a parallel with vb ; till at length, the ho- 
rizontal motion being quite destroyed, the bail descends by 
its gravity quite perpendicularly downwards, with a velocity 
which, though continually increasing, can never exceed, nor 
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indeed quite equal, its 

terminal velocity, such 

as is peculiar to the par* 

ticular size and weightof 

the ball, a^ assigned in 

prob. 10, which therefore 

is the utmost limit of tbe velocity .that the. shot can descend 

Avith. 

114. From this view of the ball's motion, it is manifest 
that tbe two branches of. the path are both of them of tbe 
hyperbolic kind, having an asymptote, or tangent; at an in- 
finite distance, in a particular situation, being oblique, as 
DE, in the ascending branch, but . perpendicular, as fg, in 
the descending. Further, the velocity in the ascending 
branch is quicker, but the time in motion less, than in the 
descending branch, as the motion in the latter can only ap- 
proach a certain limit, called the terminal velocity. The 
ascending branch too is less curved than the descending one. 

115. Again, the slowest motion of the shot, in the para- 
bolic theory, is at the vertex ; but in the air, or resistance 
theory, the point of slowest motion is a little beyqnd the 
vertex, in the descending branch, as at the point h ; because 
the motion there, nearly horizontal, is much resisted by the 
medium, while it is but little assisted by the perpendicular 
descent of gravity. , For the same reason too, the point of 
greatest curvature will not be at the vertex, as in the para- 
bolic theory, but a little way beyond it, as at i. Further, 
the ordinate bc in the descending branch, is much less than 
that AB in the ascending one, and both of them far less than 
in the parabola, somctrme? as much as in the proportion of 
10 or 20 to 1 ; the altitude bv is also much less. 

116. Lastly, the angle of elevation of the piece, to yield 
the greatest range or amplitude ac, with the same velocity, 
is not when it is equal to half the angle of the plane ac with 
the vertical line ak, as in the parabola ; but, on the contrary, 
is connderably less than half, and tbe more so both as tbe 
shot is smaller, and the velocity is greater ; because, in tbe 



TRACT 37. OP OUIfNERr. 869 

lower pitch, the shot has much less quantity of the resisting 
air to pass through, than in the higher ones. On these ac* 
counts the angle for the greatest horizontal range, may be 
at all degrees between 45*^ and 30°, the slowest motions and 
largest shot being almost at 45*, but gradually more and 
more below that degree, as the shot is smaller and the ve^ 
locity greater, till at length, with the most rapid motions 
and the smallest shot, the angle is little above 30*. 

1 IT. From all these circumstances it partly appears, how 
difficult a thing it must be to institute a calculation that may 
produce, with any tolerable degree of practical utility, all, 
or indeed any of the circumstances of a projectile's path. 
But when it is further considered that the formula by which 
the resistance is expressed, in terms of the velocity, is ne- 
cessarily rather complex, consisting of two different powers 
of the velocity at least, the attempt will soon evince that the 
accomplishment of the required object, iis a thing on the 
very verge of impossibility. Hence, all that has been ever 
done in this matter, by the ablest mathematicians that ever 
existed, with the aid of all the resources of the most refined 
methods of analysis, has amounted to nothing more than im- 
perfect and rather distant approximations ; nor is much more 
now to be accomplished, or expected, on the circumstances 
of the path, since the correct and general expression of the 
resistance has been obtained ; and so the case must continue 
tp remain, till many and accurate experiments can be ob- 
tained, on the ranges and times of flight of projectiles, with 
all degrees of elevation and velocity; but which, it is to be 
fieared, are not likely soon to be expected. The approxima- 
tions on this head, that have been made by Newton, and 
Robins, &nd Euler, and professor Robison, appear to ap- 
proach .nearest to practical usefulness, and of some of these 
we shall endeavour to avail ourselves on this point; making; 
howevier several necessary alterations and corrections in? 
them, from the more correct nature and quantity of the re?« 
sistance which we have been enabled to derive from our 
more correct and extensive experiments. 
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US. And first then, having giv^eu the initial velocity^ 
and the size and nature ot the shot, we may thence find 
nearly the elevation of the piece to produce the greatest 
amplitude, and the extent of that range. 
• Now these will be found nearly by means of the following 
table, altered from professor Robison's, in the Encyclopaedia 

^ Brttannica, and founded on 
an approximation of Sir I;* 
Newton's. The nutpbers in 
the first colnmn, multiplied 
by the terminal velocity of 
the ball, give the initial ve- 

' locity; and the numbers in 
the last column, being mul- 
tiplied by the iieight, give 
the greatest ranges ; the 
middle column showing the 
elevations to produce those 
ranges^ 

119. To use this table 
then^ divide the given initial 
velocity by the terminal ve- 
locity peculiar to the ball, 
found in the table in prob. 
10, and look for the quotient 
in the first column here an* 
nexed. Against this, in the 
2d column will be found the elevatfon to give the greatest 
range; and the number in the 3d column multiplied by a^ 
the altitude due to the terminal velocity, also found in the 
table in problem 10, will gj^re the range, nearly. 

1120. Ex. 1. Let it be required to find the greatest range 
of a S^lb ball, when discharged with 1640 feet velocity, and 
the corresponding angle to produce that range. By the ta-» 
ble in prob. 10, the terminal velocity of the 24lb ball is419| 

and its producing altitude 2729 : hence rr^ ss 3*92, nearly 
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Table of Elevationii giving tnc 


gr 


eatest Range. 1 


Initial vel. 
dif. by V. 


Elevation. 


RaDge div. 
by a. 


0-6910 


44* tf 


0-41 10 


. 0-9445 


43 15 


0-6148 


1-1980 


42 30 


0-8176 


1-4515 


41 45 


1*0210 


1-7050 


41 


1*2244 


1-9585 


40 15 


1 -4278 


2-2120 


39 30 


1-6312 


2-4655 


38 45 


1-8346 


2-7190 


38 


20379 


2-9725 


37 15 


2-ii41.3 


3-2260 


36 30 


2-4447 


3-4795 


35 45 


2-6481 


3-7330 


35 


2-8515 


3-9865 


34 15 


3-0549 


4-2400 


33 30 


3-2583 


4-4935 


32 45 


3-4616 


4-7470 


32 


3-6650 


5-0000 


31 15, 


3-8684 
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equal to 3'9S65 in the 1st column of the table, to which cor- - 
' responds the angle 34° 15', being the elevation to produce 
the greatest range ; and the corresponding number 3 054Q, 
in the 3d column, multiplied by 2729, gives 8336 feet, for 
the greatest range, being rather more than a mile and a 
half. 

121. Exam. 2. In like manner, the same ball discharged 
with the v:elocity 860 feet, will have for its greatest range 
4081 feet, or above | of a mile, and the elevation producing 
it 40<>. 

122. CoroUary. Tfaeae examples, and indeed the whole 
taUe in the 10th problem^ are only adapted to the use of 
cannon balls. But it is not usual, and indeed not easily 
practicable, to discharge cannon shot at such elevations, in 
the British service, that practice being the peculiar office of 
mortar shells. On this account then it will be necessary ta 
make out a table of terminal velocities, and altitudes due to 
them, for the different sizes of such shells. The several 
kinds of these in present use, are denominated from the di« 
ameters of their mortar bores in inches, being the five fol- 
lowing, viz, the 4*6, the ^-^^ the 8, the 10, and the IS inch 
mortars, as in the first column of the following table. But 
the outer diameters of the shells are somewhat smaller, to 
leave a little room or space for windage, as contained in the 
2d column. 





Table of dimensions , 


Sicy of Mortar Shells. 


' 


Diam. 

t^lBortar 


Diam. 

of 
shells 


Wt of 

shells 

empty 


Wt. of 

sliells 
fielld 


Weight 

of e(|ual 

solid 


Ratio of 

shell to 

solid 


Terminal 
velocity 

4 


Ait. a 
due to 
veloc. 


inches 


inches 


lbs 


, lbs 


lbs 




feet 


feet 


4-6 


4-53 


8-3 


9 


12| 


1-42 


318 


1580 


5-8 


5-72 


16-7 


18 


25i 


1-42 


356 


1980 


8 


7-90 


43-8 


47 


67 


1-42 


420 


2756 


10 


9-84 


85-5 


91+ 


130 


1*42 468 


^422 


^3 


12-80 


187-8 


201 


286 


1-42 534 


4430 



The Sd column contains the weight of each shell when 
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empty ; the 4th when the hollow part is filled with powd^! 
the diameter of th'e hollow is usually -^ of that of the mor- 
tar. On account of the vacuity of the shell being filled only 
with gunpowder, the weight of the whole so filled, and con- 
tained in column 4, is much less than the weight of the same 
iJize of solid iroji, and the corresponding weights of such 
equsl solid baUs are contained in col. 5. The ratio of these 
weiglits, or the latter divided by the former, occupies the 
6th column, 

123. Now, because the loaded or filled shells are of less 
specific gravity, or less heavy, tha» the equal solid iron balls, 
in the ratio of 1 to r42, as in column^, the former tvill have 
less power or force to oppose the resistance of the air, in 
that same proportion, and the terminal or greatest velocity, 
as determined in the 10th problem, will be correspondently 
less. Therefore, instead of the rule there given, viz, 178v^rf, 

for that velocity, the rule must now be 178 V^jtto = 149*4-v/d 
s= -y, the diameter of the shell being d\ that is, the terminal 
velocities will be all less in the ratio of 149*4 to 178. Now, 
computing these several velocities by this rule, to all thedif- 
Terent diameters, they are found as placed in the 7th column ; 
and in the 8th or last column are set the altitudes which 
would produce these velocities in vacuo, as computed from 



vt> 



this theorem —. 

64* ^ 

124. Having now obtained these terminal velocities, and 
their producing altitudes, for the shells, we can, from them 
and the former table of ranges and elevations, easily compute 
the greatest range, and the corresponding angle of elevation, 
for any mortar and shell, in the same way as was done for 
the balls in this problem. Thus, for example, to find the 
greatest range and elevation, for the 13 inch shell, when 
projected with the velocity of 2000 feet per second, being 
n^arl^ the greatest velocity thkt shells can be discharged vrith* 

2000 

Now, by the method before used^ -^^ = 3*746 ; oppositato 
this, found in the first column of the tabla of ran^es^ cor^ 
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sponds 35* (y for the elevation in the 2d coluian, and the 
number f-8515 in the 3d column ; this multiplied by the al- 
titude 4430, gives 12632 feet, or almost 2^ miles for the 
greatest range. 

124. This however is much short of the distance which, it 
is said, the French have lately thrown some shells at the siege 
of Cadiz, viz, 3 miles, or rnore^ which it seems has' been ef- 
fected by means of a peculiar piece of ordnance, and by 
loading or filling the cavity of the shell with lead, to render 
it heavier, and thus make it fitter to overcome the resistance 
of the air. Let us then examine what will be the greatest 
range of our 13 inch shell, if its usual cavity were quite filled 
-with lead, when discharged with the pr.ojectile velocity of 
2000 feet. . 

125. Now the diameter of the cavity, being about ,2^ of 
that of the mortar 13, will be neatly 9 inches. And the 
"weight of a globe of lead of this diameter is 139 -Sib: which 
added to 187*8, the weight of the shell empty, gives S271b, 
tlie whole weight of the shell when the cavity is filled with 
lead, which was found 286 when supposed all of solid iron, 
their ratio or quotient is 'STSS. Then, as before, the theo- 
rem will be 1*78 ^-:j^ = 190^d for the terminal velocity; . 
which, when </r=l2-8, becomes 680 for the terminal veloci- 
ty; therefore its producing altitude is — =:7225. Then, by 

the same method as before, ttt- = 2*941 ; which number 
found in the first column of the tables of ranges, the opposite 
number in the 2d col. is 37* 20* for the elevation of the piece, 
and in the 3d column 2*2153, which multiplied by 7225, 
gives 16005 feet, or 3 miles and 165 feet« 

So that our 13 inch shells, discharged at an elevation of 
about 37 J degrees, would range nearly the distance men- 
tioned by the French, when filled with lead, if they could 
be projected with so much as 2000 feet velocity, or upwards. 
This however it is thought cannot be effected by our mor- 
tari ; and that it ii therefore probable the French^ to give 

VOL. III. T 
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such a vdocity to those sheUs, must have contrived some 
new kind of large cannon on the occasion. It is said these 
Aells, after being filled with lead, are bored ; that tliey sel- . 
dom burst j and when they do, the explosion is iacondder- 
able. 

I'ROBLSM XVI. 

I 

To determine the Circtmstctfices o/Eanges at other oblique 

Elevations. 

126. Having shown, in the preceding articles and pro- 
blems, how, from our theory of the air's resistance, can be 
found, first the initial or projectile velocity of shot and sheik; 
2dly, the terminal velocity, or the greatest velocity a ball 
can acquire by descending by its own weight in the air ; Sdly, 
the height a ball will ascend to in the air, being projected 
vertically with a giveyi velocity, also the time of that ascent; 
♦thlj'', the greatest horizontal ranges of given shot, projected 
with a given velocity; as also the 'particular angle of eleva- 
tion of the piece, to produce that greatest range. Jt remains 
now to enquire, what laws and regulations can be given re- 
specting the ranges, and times of flight, of projects made at 
other angles of elevation. 

127. Rules for the genejCal solution of this problem would 
be best derived from experiments ; and these should be made 
at all elevations, and with ail charges, and with various sizes 
of balls; obsei^ving both the ranges and times of flight, in* 
every experiment. Such experiments would give us the re* 
lations existing, in all, cases, among all these four terms, viz, 
the ranges, the times of flight, the velocities or charges, and 
the size of the balls. Numerous and various as our experi- 
ments are, as before related, and fruitful as they are in useful 
consequences, we have obtained but a small portion of those 
abov% alluded to ; nor do I know of any proper set of such 
experiments anywhere to be found. Such must therefore 
still remain a valuable desideratum. The few that we have 
been able to make^ are those collected ia art#, 8 and 24 of 
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diis Tract } and these afibrd us but very few and imperfect 
rulep, aad are chieiljr tbese following. 1st, That the ranges 
with the one*pound balk, kt an elevation of 15 degrees, are 
nearly proportional to the times of flight. 2nd, That -the- 
ranges with the 3-pound balls, at 45^ elevation^, are nearly as 
the times of flight, and also as the projectile velocities. Be«^ 
sides these inferences, it does not appear that the experiments 
are extensive enough to afford many more useful conclusions. 
By trials however among many of the numbers in the table 
in art. 24, it appears that in most of them, at an elevation 
between 45® and 30*, the time of flight is nearly equal to |. 
of the square root of the range , in which respect it nearly 
agrees with the similar rule for the time of flight, in the pa- 
rabolic theory, at the ahgle (45°) for the greatest range, 
which time it is well known is equal to ^ of the square root 
of the said range in feet, and that whether the shot consist of 
materials very dense or very light. Whence it is probable 
that, with the help of a few ptber ranges at several elevations, 
some general relations might be evinced between the ranges 
and the times of flight, with the tangents of the elevations. 
But such experiments and enquiries as these, unfortunately, 
it is no longer in my power either to procure, or by any 
means to promote. We can therefore only endeavour to 
render, without them, what service we can, to the state and 
to philosophy, by such means as are in our power. 

128. There are some few theoretical principles which it 
may be useful to notice here, as first mentioned by professor 
Kobison. Thus, balls of equal density, dischai-ged at the 
' same elevation, with velocities which are proportional to the 
square-roots of their dianaeters, will describe similar curves ; 
because then the resistances will be in proportion as the mo- 
menta or quantities of motion. For, the resistance r, is d^v* 
nearly; i/ being the diameter, and v the velocity. But, v 
being as ^/d, v* will be as ^; consequently d'v^ will be as d% 
that is, r is as d^. But the momentum is as the magnitude 
or mass, which is as d^ also, the cube of the diameter. There- 

fore the re^stance is proportional to the momentum, when 

T 2 
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the retocity is as Vdy the square-root of the diameter of the 
ball. In this case then, the horizontal Telocity at the vertex 
of the curve will be proportional to the terminal velocity; 
also the ranges, and heights, and all the other similar lines 
in the curve, will be proportional to dy the diameter of the 
ball. And 4his principle may be of considerable use : for, by 
means of a proper series of experiments on one baU, pro- 
jected with different velocities and elevations, tables nay be 
constructed, by which may be ascertained the motions of all 
similar cases. 

129. The following table also, deduced partly from theory 
and partly from experiment, may be found of use, by analogy, 

\a many other cases. 

•> •* 

Table of the Motions of a fA-pound Shot, projected at 45* 

Ulevation, 



Velocity 

per 
second. 


Range 

in 
vacuo. 


Range 

in the 

air. 


Range 
corrected 


Height 
the ball 
rises to. 


% 


feet 
200 


yards 
415 


^ yards 
320 


yards 
330 


yards 
100 




400 


1658 


1000 


1Q19 j 


300 




600 


3731 


1391 


1419 


400 




800 


6632 


1687 


1719 


464 
515 


1000 


10362 


1840 


1878 


1200 


14922 


1934 


1978 


561 




1400 


20310 


2078 


2129 


606 




1600 


26528 


2206 


2264 


650 




1800 


33574 


2326 


2391 


694 




2000 


41450 


2438 


2510 


738 




2200 


50155 


2542 


2622 


778 




2400 


59688 


2640 


2726 


816 




2600 


70050 


2734 


2823 


852 




2800 


81241 


2827 


2916 


887 




3000 


93262 


2915 


3002 


922 




3200 


106111 


2995 


3086 


996 




» 


2 


3 


4 


5 


• 



This table contains, in the first column, the velocities, in 
feet, of a 24-pound shot, projected at an angle of 45 de- 
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grees; the 2ncl column shows the distances, in yards, to 
which the ball would go, in vacuo, on a horizoutal plane; 
the 3rd column contains the distances to which it will range 
through the air, considered all of the same density as at the 
earth^s surface ; the 4th column shows the same ranges cor- 
rected for the diminution of the air's density as the ball as- 
cends, being therefore called the corrected range; and the 
5th, or last column, shows the height to which the ball rises 
in the air, or the height of the vertex of the curve above the 
plane. 

130* By this table it appears what an immense difference 
there is between the motions through the air and in a void, 
especially with the large velocities. It is seen that the ranges 
through the air, instead of increasing in the duplicate ratio 
of the initial velocities, as in unresisting space, really in- 
crease slower than those velocities, in all the actual cases of 
military service ', and in the most useful cases, viz, from BOO 
to 1600 feet, they increase nearly as ^he square-roots of the 
velocities. A set of similar tables, made with the same shot, 
at other elevations, would nearly complete what might be 
done by theory, as well as useful and necessary for practice. 

To use the foregoing Table, 

131. Suppose it were required to find the dimensions of 
the path described by a 12-pound shot, discharged with 1600 
feet velocity, and at an elevation of 45 degrees. 

^ere, recollecting that the curves are similar, and their 
corresponding lines proportional to the diameters of the shot, 
when these are discharged with velocities that are to one 
another as the square-roots of the same diameters ; we must 
therefore first find what velocity of the 24lb, or tabular ball^ 
corresponds to the 1600 velocity of the 12-pounder, in this 
manner. The diameters of the two balls being 4*403 and 
5*546, it will be, as v^4-403 : \/5-546 : : 1600 i 1796 the 
correspondent velocity of the 24-pounder ; which being 
sought in the table^ the rai^e and height answering to it, are 
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there seen to be '2386 and 692; therefore as 5*546 : 4'40S 

: : ^ 2386 : 1894 yards, the range, 

' : 1 692 : 549 yards, the altitude. . 

That is, the range is about l^milc, wd the height almost f 

of a mile. 

232. Again, to find the range and greatest altitude of a 
9-pound ball, projected with 1500 feet velocity. The dia- 
meter of the 9lb ball being 4 inches, we have ^4 : /5-546 
: : 1500 : 1766; to which in the table correspond 2343 and 
680 for the tabular range and altitude. Then 

5' 546 • 4 • • J ^^^^ • ^^^^ ^^^ range, almost 1 mile. 

I 680 : 491 the height, almost j- of a mile. 

133. The same table may also serve for computing the 
ranges of mortar-shells. For this purpose, we have only to 
find what must be the initial velocity of the 24»pound shot 
corresponding to the proposed velocity of the shell. This 
must be deduced from the diameter and weight of the rfiell, 
by making the velocity of the 24-pounder such, that the ra- 
tio of its weight to the resistance may be the same as in the 
shell, after the naanner of the like accommodation in pro- 
blem 15. 

Thus, to find the range of the 13-inch shell, projected with 
the velocity of 2000 feet per second, at the 45** elevation, — 
Here, the diameter being 12-8, we have a/12'S : -v/5'546 : ; 
2000 : 1317, and as 178 : 149^4 ; : 1317 : 1105 the corre- 
spondent velocity of the 24-pounder ; to which in the table 
answers the range 1930; then as 5-546 : 12-8 : : 1930 : 4455 
yards, or aboiit 2^ miles, the ranged - 

PROBLEM XYII. 

To determine the Penetrations of Balls into different 

Substances. 

134. The penetration)j of the balls, into the blocks of 
wood, formed a particular object of enquiry,. in the expert'* 
flient^ with the ballistic pendulum. When a body in motion 
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Strikes an inamoveable qbstacle, it either recoils, or pene* 
trates into it, until its whole motion is destroyed by the r«- 
sistante. Now the recoil takes place when the bodies ard 
endued with elasticity, and wiJl always happen when the 
elasticity is perfect, that is, when they possess a power of 
restoring themselves con^pletely to the same shape, which 
they had before the stroke, after having their forms charged 
by the said stroke ; and a recoil will often happen when the 
elasticity is imperfect, or only partial, and the velocity and 
force of the striking body may not be sufficient tjo overcome 
the resisting strength of the obstacle, thereby preventing the 
penetration and lodging of the striking body. When th^ 
body and obstacle are quite destitute of this faculty of elas- 
ticity and restoring themselves, the body will penetrate into 
the obstacle till all its motion be destroyed, and remain at 
rest, as in the case of a body falling down into a mass of soft 
clay, &c. In both' cases the ball will make an impression ; 
in the former case there will be a restoration to the former 
shape ; in the other the impression will remain ; and in thi$ 
consists the difference between elastic and unelastic bodies. 
135. But, between these two kinds of bodies, there may 
be an infinite number of other sorts, endued with different 
degrees of this power of restoring themselves. Indeed, it 
may with certainty be affirmed, that there is not in the whole 
tvorld any body that is perfectly elastic, nor yet quite devoid 
*of elasticity ; but that all possess this quality in some degree. 
However elastic a body may seem to be, yet it will still re^ 
tain some small mark, where an impression has been made ; 
and no body has yet B%en discovered which, having received 
an impression, will not restore itself in some small degree. 
To explain this proposition, we need only consider the cavity 
which is made by the collision of the two bodies, and which 
is always made, whether the body is elastic or not ; and, in 
this view, it is the same thing, whether the cavity remain 
unaltered, or restore itself, either wholly or in part, to its 
former condition. Arid it is clear from experiment, that if a 
baltbe impelled against such an obstacle as a bank of earth. 
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a rampart, a block of wood^ Ice, the ball will lodge in it 
%vithout any sensible recoil ; so that, in the present considera* 
tion, if tbe body be elastic, its elasticity may be neglected. 

136. When a ball is discharged against such an obstacle, 
it will not only make an impression, but will penetrate to a 
certain ' depth j and as this cannot happen without the ball 
suflfering a great resistance from the dbstacle, it will have its 
motion gradually diminished, and finally quite destroyed* 
To find the depth to which the ball can penetrate, we must 
determine the resistance it suffers while it penetrates into th(5 
obstacle ^ for, whatever msittejr, the obstacle consists of, wh&- 
ther wood, or earth, &c, a greater cavity will always require 
a greater force ; and since the elasticity is not considerable, 
the ball will meet with the same resistance nearly, after en- 
tering a certain depth, as at the beginning of its penetra- 
tion ; excepting that, in such cases, the farther the penetra- 
tion is continued, the resistance will be rather increased by 
the greater accumulation and condensation of the p^rts of 
the obstacle in the front of the striking body. The resist* 
ance is therefore nearly a constant aud uniform force, no 
way depending on the velocity; and so will be nearly simi-* 
lar to the action of gravity, by which it happens that a body^ 
projected directly upwards, loses equal quantities of its mo- 
tion in equal times, whether the velocity be quick or slow. 
The quantity of this force depends on the strength of the 
obstacle, and the width of the cavity made by the ball, which 
is proportional to the square of the ball's diameter. Hepce 
the calculations for the circumstances of this motion and re- 
sistance, considering this last as a constant quantity, will be 
similar to the resisting force of gravity on a body projected 
upwards, or to any motion whatever resisted by a force that 
is constant. 

1 37 . Therefore, letf denote the constant resisting force, 
or strength of the wood, or 6tber matter; s tbe space or 
jdepth penetrated ; ^ the first velocity, and t the time of pe- 
;^etration ; also g =s 16^ feet^ or 16 feet only, the space a 
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bod}'' naturally descends by gravity in the first second of time, 
or balfthe velocity generated or destroyed in 1 second. Then, 

by the~ principles of constant forces,y = — , and t = — . 

138. Now, for an example, I have found, by a medium 
of several experiments, that a cast-iron ball, of 1*96 inches 
diameter, discharged into the end of a block of elm wood, 
pr in the direction of the fibres, with a velocity of 1600 feet 
per second of time, penetrated 20 inches deep into its sub- 
stance. It is proposed then to determine the time of the 
penetration ; also the strength or resisting force of the wood, 
as compared to the force of gravity, supposing that force to 
be a constant quantity^ 

Here we have v = 1600 feet, and ^ = 20 inches = ^ feet: 
therefore t = ^= j^^ = ~, the time, or part of a se- 

cond, during the whole penetration. Also y = • — = 

4 ' x le ' x »• = 24000. That is, the resisting force of the wood, 
in this instance, is to the force of gravity, as 24000 to 1. 

139. Exam. 2. In another instance the same ball, with 
1200 feet velocity, penetrated 15 inches.— Here theny =: 

641 ^ 6i~F ~ ^8000, the strength of the wood. And / = -i 

so J 

= j^ = jg^, the time, the same as before. • / 

140. Exam. 3. In a third instance, the 3-pound ball^ of 
2*78 inches diameter, with 1500 feet velocity, penetrated 30 
inches deep.— Here tben 

f,^ g^f-^, = 14062, the strength of the wood. And 

141. Exam. 4. In a 4th case, the last ball, with 1060 
velocity, penetrated 16 inches deep. — ^Hence 

f = *6477r = 13200, the strength in this case.— And 

' ~ 1066 ^ 858* ^® *™® ^^ ^^ ^^^' 
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14*2. In these four examples, the results are various, botk 
for the strength of the wood, and the time of penetration, 
though the data, from which they are computed, are the me- 
diums of several experiments ; doubtless, the consequence 
of several unavoidable circum^stances, as, the irregularity 
among the different experiments, and the different blocks of 
the wood, and the resistance of the wood not being exactly a 
constant quantity, owing to the condensation and elasticity 
of the parts of it driven in before the ball. In this uncer- 
tainty, we may take a medium among all the four results, 
both for the strength of the timber, and the time of penetra- 
tion, as follows. 

Values off. of t 

«4000 480 

18000 480 

14062 300 

13^00 398 

4)69262 4) 1658 
/= 17315 mediums. 415 . . , t zz ^J.^. 

So that, the mediums among these 4 cases, give us ^4t P^'^^ 
of a. second, for the time of the ball's penetration ; and 17315 
for the strength of the timber, or that its resistance is to the 
force of gravity, as 17315 to 1. 

Otherwise. 

143. The calculation may be otherwise instituted thui. 
Putting, as before, d for the ball's diameter, and f for the 
strength or firmness of the matter in the obstacle ; then shall 
d^fhe proportional to the resistance ; which resistance let be 
expressed by the weight of a column of water of the same 
diameter d as the ball, and the height y, its specific gravity 
being 1 ; and let the specific gravity of the matter of the 
ball be denoted by n, which in the present case is 7^ nearly ; 
and a == '7854. Then arf* will be the area of the section, 
and ydfid^ the weight of the ball; so that the resistance will 
be to the weight of the ball, as ad^f to ^nd*, or as^ to ^ndf 



TRACT 37» OF OUNNERT. 2S3 

that is, as -^ to 1 or gravity. Now, the velocity generated, 

or destroyed, by gravity, in describing the space ^, is 8 Vs^ 
thus found, as v/ 16 : 32 : : y/s : %^s\ and, when the space 
is the same, the velocities generated or destroyed, areas the 
square-roots of the forces, or the forces as the squares of the 

velocities; and the velocity destroyed by the force —^^ in 

3f 

describing the space 5, being v 5 therefore as 1 : — , : : 645 : v* ; 
''^'"^^ £ = £• Consequently/ = ~ x ^, and 5 = ^\ 

Otherwise again. 

144. Because the resistance is —^ the gravity being 1, 
therefore vv = — —/, and the fluents give v* = v* - -^ ; 
and when v = 0, or the motion ceases, then «;* =: -^. 
Hence fz= A-^ = tt^, and s = —7-, the same as the last. 

145. Hence it appears that the depth penetrated, is as 
the density and diameter of the ball and the square of the 
velocity, divided by the strength, or resisting force, of the 
matter of the obstacle. So that, if equal balls be discharged 
against the obstacle, or block, then shall the depth of the' 
cavities made by the balls be as the squares of their velocities; 
with which the experiments nearly agree. 

146. Hence also it follows, that if unequal balls, but of 
the same density or matter, be discharged with equal velocity 
against an obstacle, the depths of the cavities will be pro- 
portional to the diameters of the balls : so that, a greater ball 
will not only make a wider aperture, but will also penetrate 
farther into the obstacle, than a smaller ball, every other 
circumstance being the same in both. Again, if it be known, 
from experiment, what is the depth of the cavity, which a 
given, ball, moving with a known velocity, makes in an ob- 
stacle, we can from that find the value of/, which denotes 
the strength or firmness of the matter of which the obstacle 
consists: Und, in this manner, we may from experiments be 
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enabled to compare the strength of different kinds of matter 
"with each other, which different bodies consist of. To illus* 
trate these inferences, the folio wipg practical exam^jles are 
here annexed. 

141. Exam. 1. Taking here again the same example as 
at art. 1S8, to compute it by this rule, 

1^ = -~ = — for the value of/; and ~ for theralue 

96i 9fi« $4« ^ . 6y 

s the space penetrated. Now, in this example we have given 
d ss l'96 s= 2 nearly, v = 1600, and 5 = 20 ; therefore 

"ST ^ 64 20 =^ ~ ^ 20000 ±=f the value of the elm's 
resistance by this rule, in the first ca^. 

148. Exam, 2. lu like manner, for the 2nd example, in 
art. 139, where d = 2, v = 1200, s = 15, the rule gives 

5.3. 1200« 2 . I50« 45030 _ , . _ .^^ , , r r • ^u- 

-. >-^ ~ — - — ss — -^ — 15000 the value off m this 
case. 

149. Exam. 3. Again, for the 3rd example in art. 140, 
when d =: 2''7S or 2'8 nearly, and v = 1500, also j = SO; 

5.2-8. I5a0« 1.4.1500« ,^.^^^i • /. /• • v- 

S^^® 64 30 = g^ g = 16406 the value of/ in this 

case. 

150. Exam. 4. Lastly, for the 4th example, in art. 14f , 
where again d = 2*8, also v = 1060, and ^ = 16 ; which 

. 5 . 28 . 1060» 14.265* 7 . 265* . .<,^^ . , r /• • 

this case. 

15 U Then to take the medium among these four. 

20000 
15000 
16406 
15362 

4 ) 66768 
the medium value 16692 of/, by this rule, being 
nearly the same as before, viz, 17315, by the first rule. 

152. Exam. 5. To find how far a 24-pound ball of cast 
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iron will penetrate into a block of elm, when discharged 
with a velocity of 1600 feet per second. 

Here, because, by art. 139, the ball of 2 inches diameter, 
with 1200 feet velocity, penetrated 15 inches deep; there* 
fore, by art. 141, the depth for the 24lb ball, or 5*55 inches 
diameter, with 1600 feet velocity, will be found by this pro- 
portion ; as 2 X 1200* : 5'55 x 1600* : 15 : ^ ^ ^^ = 

37 inches nearly, or 3 feet 1 inch, the penetration. 

153. Exam. 6. It is stated by Mr. Robins (vol. 1, p. 273, 
of his works), that an 18*pounder ball, discharged with a ve- ' 
locity of 1200 feet per second, penetrated 34 inches into 
sound dry oak. It is required then to ascertain the com- 
parative strength or firmness of oak and elm. — By art. 140, 
the strength of the obstacle being as the diameter of the ball 
and the square of the velocity directly, and the space pene- 
trated inversely; and the diameter of the 1 Bib ball being 
5*04 inches ; we shall have, 

-^ — ^^** , — g X 13« X 34 __ « X 34 __ 17 ^ 

"» Dv«j ■" 5-04 X lii« X 15 "" 5 04 x 15 "" "iT "^^^ ^'"^ 

Whence it would seem, that elm timber resists less than oak, 
in the ratio of about 17 to 19. 

155. Exam. 7. A 24-pounder ball being discharged into 
a bank of firm earth, with a velocity of 1300 feet per second, 
penetrated 1 5 feet. It is required then to ascertain the com- 
parative resistances of the earth and elm wood. Comparing 
the numbers here with those of the 5th example with the 

u 11 -^ • / «•• 16«xl5xl« 256x180^ 46080 

same ball, it is -=^ = — - = — -— — =— = ,^, ,^ = == 

' F ▼•* 13«x37^ lS«x37 6353 

7| nearly. That is, elm timber resists about 7y times more 
than the earth. 

156. Exam. 8. To determine how far a leaden bullet, 
of ^ of an inch diameter, will penetrate dry elm ; supposing 
it discharged with a velocity of 1700 feet per second, and 
that the lead does not change its figure by the stroke against 
the wood.-*«Here d = j-, k = 1 1-j the specific gravity of lead, 

and n = 7 J nearly, that of cast iron. Then, as before "*'^'' 



^'j 
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— i!f — 1^ — ~ — =s .. ^ =s 13 inches nearly, the depth of 

penetratioQ.'-^But) as Mr. Robins found this penetration, by 
experiment, to be only 5 inches ; it follows, either that his 
timber must have resisted more than twice as much as mine ; 
or, else, which is much more probable, that the defect in his 
penetration resulted from the change of figure in his leaden 
ball, from the blow against the wood ; as such bullets have 
been observed to be quite flatted by such a stroke. 

157. Exam. 9. A one-pound ball, projected with a ve- 
locity of 1200 feet per second, having been found to pene- 
trate 15 inches deep into sound elm : It is proposed to ascer- 
tain the time of passing through every single inch of the 15, 
and the velocity lost at each of them ; supposing the resist- 
ance of the wood constant or uniform. — Here, the. velocity, v 
being 1200 feet, or 1200 x 12 = 14400 inches; and the ve- 
locities and times being as the square roots of the spaces, in 
constant retarding forces, as well as in accelerating ones : 

..,. ft* 2x15 30 1 ^ 

and t being ^~^ ^^^^^^ = jj-- = — part of a second, 

the whole time of passing through the 15 inches; there- 
fore as 
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2ST 



\/15 :. v/lS -- ^/U 
'Veloc. lost. 



^ — ;7T— V = 40-7 : 
^^"-^^^ = 42-2 : 

^15 



t 
t 



v/l5-v/l4 






V'13 



V!3;i^% ^ 43.8 , , ^ , Vi3z^2 



-^13 



V15 



vilzill!, 3, 45.^ ; ^ ^ ; vjlr^Ol 



V'15 



a/15 



^^^ii^% = 47-8 &c. ^^ii^' 



a/15 
a/15 

y-^ V = 5S-2 

^^5=^ = 56-6 

"^'f v = 60-8 

^^-/^ V = 66-1 

-715'=' = ^5 2 

■~^v = 83-0 



>v/i5 



a/15 
^/9-a/8 



4/15 
v/»-^/'7 



V5 

a/7-v/6 



v/15 
>v/6-a/5 



a/I^ 
.^/5-^4 

a/15 
-v/4-a/3 



a/15 
a/3-\/2 



A/i5 
a/2 -a/1 



a/15 

^^7;r^^ .y =309-8 
Sum 12000 



a/15 

a/1 -a/0 



a/15 

Sum ;5.^ 



: v: 

Time in the 

=: -00007 1st inch 
= 00007 2nd 
= -00008 3rd 
= '00008 4th 
= '00008 5th 
= -00009 eth 
=r -00009 7th 
= -000 10 8th 
= -00011 9th 
= -00012 10 th 
= -OOOIS 11th 
= -00014 12th 
= -00017 13th 

r 

= -00022 14th 
= -00054 i5th . 



or -00208 sec. 



Hence, as the motion lost at the beginning is very small ; 
and consequently the motion communicated to any body, as 
an inch plank, in passing through it, is very small also; we 
can conceive how such a plank may be shot through, when 
standing upright, without oversetting it. 
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158. To determine the Cinumstances of Space ^ Penetration, 
Velocity J and Time, arising from a Ball moving with a given 
Velocity, and striking a moveable Block of Wood, or other 
Substance. 



^ ^ 11 


\ \ " 



Let the ball move in the direction ae, passing through the 
centre of gravity of the block b, impinging on the point c; 
and when the block has moved through the space cd, in 
consequence of the blow, let the ball have penetrated to the 
depth DB. 

Let B =: the mass or matter in the block, 

b =: the same in the ball, 

5 = CD the space moved by the block, 
jr =: DE the penetration of the ball, and theref. 

s + X cz OE the space described by the ball, 

a = the first velocity of the ball, 

V = the velocity of the ball at e, 

u = veloc. of the block at the same instant, 

t =: the time of penetration, or of the motion, 
r == the resisting force of the wood. 

Then shall — be the accelerating force of the block, 

and Y ^^^ retarding force of the ball. 

Now, because the momentum bu, communicated to the 
block in the time t^ is that which is lost by the ball, nameljr, 
— bv, therefore bu = — 6p, and bm = — bv. But when 
V = a, u = 0; therefore, by correcting, bu = J (a — v); 
or the momentum of the block is every where equal to the 
momentum lost by the ball. And when the ball has pene- 
trated to the utmost depth, or when u = v, this becomes 
Bu =s & (a — u), or ab zz {B+b) u; that is, the momentum 



before tbe stroke, js equal to tbe momedtdth after it. And 
the velocity communicated i^ill be the same, whate?«r b^ 
the resisting force of the block, the weight bding the sadie. 

Again^ by forces, it is it* = ^j and — «^* = -j^ X (J+xJ, 
br rathfer, by correction, a* — v* == -M^s + i?). Hence the 

penetf akion or i =* "^Lr^^^* ' ^^^ when t* =± te, by 
Substituting tt for Vy and bm* for 4^r;^, the greatest penetra^ 

lion becomes, -^—^^^ ; and this again, by writing 4St£ for 

its value •(» + b)u, gives the gireatest penetration x =2 

^ f V i^ = 7- X (1 ^ — i). Which is barely equal to --^ 

when the block is fixed, or infinitdy ^reat ; and is always 
Very. nearly equal to the same -^ when B is vefy great ixt re& 
ispect 6f b. Henbe tBeii 

And therefore ^ + 3::d4-2i::;c:s + ;ri 
br B + 4 : h i:^ i s^ 

and 5 =s ' , z2 ■ tk 

159» Exam Wbeti the ball is irbn, ana Weighs i poiihcf^ 
it penetrates elm about 15 inches when i|; moves with a ve^ 
Ibcity of 1200 feet per second, iti which case> 

r a* 1200* . . 30O* ^ ^^^^ ^i 

/-T- = TT- = ■ - ,^ ' =5 — ^ ?= 18000 neatly^ 

When i =z 400!b, and » ^ 1 j then H =s'^-: 1^ :sr I 
feet ilearly per second, the velocity of the block. 

Also * = -^ = ■ .J - ^ ' - ' {^ = sss: part of a foot, ot JL of 

4^ 4 X 16 X 18000 380 *^ ^ > T^ -^ 

an iuch^ which is the space moved by the block wb«a tbeJMi 
has completed its peneti*ation. 

And ^ *= — s=: rriJrt 3= ^ part of a seaond; or / :d 

u 32px3 480 *^ ^ ' 

2 30 

-^T- = -Tioir- = laSoTeoo = iso part of a second naarijT, 
the time of penetration. 

VOL. III. V 
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' For the circumstances relating to the motion of a block, 
suspended by, and vibrating on, an axis, when struck by a 
ball, see Tract 34, arts. 21 .... 31. 

PROBLBM XIX. 

160. Te determine the Circumstances r dating to a given 
Ball discharged from a Camum, with a given Charge of 
Powder* 

Let the annexed figure re- 
present the bore of the gun ; 

A»D being the part occupied 

with the gunpowder. And put 

a = AB, the length at first occupied by the charge ; 

h = AE, the whole length of the gun bore; 

c = •7854, the area of a circle whose diameter is 1 ; 

d = BD, the diameter of the ball, or of the bore; 

e ^ the specific gravity of the ball, or weight of 1 cubic 

foot; 
<r = le,!,: or 16 fbet, des^cended by a body in 1 second ; 
w= 230 oz, the pressure of the atmosphere on 1 sq. inch ; 
n to 1 the ratio of the first force of the fired powder, to the 

. pressure of the atmosphere ; 
w =" the weight of the ball; and let 
X = AC, any variable distance of the ball from A, in moving 

along-the gun barrel. Then, 
First, erf* is = the area of the circle bd of the "ball; 
therefore mcd^ is the pressure of the atmosphere on bd ; 
conseq. mncd' is the force of the powder on bd. 
' But the force of the inflamed powder is supposed to be 
proportionai to its density, and the density is inversely as the 
space it occupies; therefore the force of the inflamed ppw- 
^r on the ball at b^ is to the force on the same at c, aa ag 
is to AB ; that is, . 

X :a: : mncd^ : !22f£5 = p, the motive force at c ; 



eoBseq. — ?= ^^^^^ =/, the accelerating, force there. 



H; WM 
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Hence, by forces, vv = 2gfi = ^^"^^^ X -j ; 

the fluent of which is v* = ^*^^^^ - x hyp, logi of x. 

But, when v = o, then t ss a; therefore, by correction, 
x;* -s ^^^"^^ X hyp. log. -^ is the correct fluent ; conseq. 

.V = y'(^5!!5ZfL.*x hyp. log. -^)istheveloc. oftheballatc; or 

V = y^(-£!IL-£-' X hyp. log. — ) is the velocity with which 

the bail issues from the muzzle at b; where /i denotes thei 
length of the cylinder filled with powder ; a being the length 
to the hinder part of the ball ; which will be more than Jj^ 
when the ball does not touch the powder. 

But, the content of the b^ll being ^d\ its weight is q; =: 
^ca^€; therefore V- pe "^"lE — ^ y" ■ ^ as 

nh 

1783 V J. Consequently th/9 rule is 

y = nSSv^C— X hyp. log. -j) = 2706v/(5x com.log.^). 

When the ball is of cast iron, e = 7400^ and the rule k 

V = Sl*45 v'(~ X log. - ) Cpr the velocity of the ijpon ball. 

Or, when the ball is of lead, then e = U^^5, and 

i; = 25«42\/(j X log, -) for the velocity of the l^^^denttiU J 

in which two theorems, a, b, d^ A, may be taken iu |^ mea- 
sures, either feet or inches, &c, 

161. Exam. For an example, it has been found thi^ the 
medium velocity of the gun n* 2, with a charge of 4 oum^e's 
of powder, has been about 1 180 feet. Now, the ball beings 
1 '96 inches in diameter, and the charge of powder with its 
containing bag occupying 3*45 inches of the cylinder, but the 
powder alone only 2*54; the numeral values of the letters 

in the theorem v = 31'45 v'(-^ x log. ), will be a s= 3*45, 

b = 38*43, d = 1*96, h s:: 2*54 ; and if we suppose n=: 1000, 
as assumed by Mr. Robins; these substituted in tbat.theorem, 
give V =s 1 159, being about 21 feet too little. 

162. Such then is'the splutioo of ^tjie problem in its most 

V2 
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simple state, v the vielocity, and w.the first force of the in- 
flamed powder, being the unknown quantities to be deter- 
mined. Hut., several tireinnstances are omitted in this so- 
lution, whicli would dinrunish the velocity of the ball ; and 
though, when taken separately, they may amount to but little^ 
yet, when taken all together, they may be too considerable 
to beentirely neglected. The first of these, that may be no* 
ticed^ is the counter pressure of the atmosphere or external 
air, which ought to be taken into the account; for,, so long 
as the ball continues in the cavity ab, it is pressed back, and 
its motion retarded, by the pressure of the incumbent air on 
the forepart of the ball. This pressure is equal to that of a 
column of mercury 30 inches high, or equal to mcd^ as found 
above; which retarding force is to the weight of the ball w, 

as -^!^ to 1. Therefore, instead of the first fluxional equa- 

tion, it will now be 'cv s= -^ x (— — x), the correct flu* 

ent €>f \yhich gives v* = — ^ x {an X hyp. log. *+.a— x) ^ 

and when\r :£= ki^^i^ then v =: j^i^— x anx hyp. log. - 

-f « ^ b) is the velocity i^^th whi^h the ball issues at the muz- 
' zle of the gun. 

T» ^ ,4gfnctf» ,6gm ;9«m ,96.930.144 1783 

"therefore the theorem is v = —r x («« x hyp. log. — 1-a — A). 

163. By taking the same example as before^ and com- 
puting it by this rule, the result comes <«it only the 36Sth 
part less than before, or about S feet less, being too incon- 
siderable to be regarded. Should we also take into the ac- 
count the effect of the air before the ball, which is condensed 
there by the resistance from the pressure of the atmosphere, 
it will probably amount to about an equal quantity, or little 
more. So that tlic two together may be estimated at about 
the 180th part of the whole. 

" 164. There are also several other causes of the diminu- 
tion of the velocitv, besides the two above-mentioned. One 
of these is t^he fvictioa^pf the bait in jnoving along the cylin- 
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drical bore of the piece. This indeed catmbt amoHtii t% 
much: but, whatever it is, there does not appear t?o beiM^y 
exact method of computing it. Another cause of diminu^* 
tion, is the loss of force by the elastio fluid escaping hy tbe 
Tent and windage of the gun ; and this is likely to be very 
considerable, as the^ fluid will issue out by the vent, and by 
the sides of tbe ball^' with its whole velocity, which is at a 
rate vastly more than that of the ball itself. Some estiooate 
of the loss of velocity by this* cause, might be deduced from 
some of the earliest part of ou^ experiment? ; but a more ac« 
curate calculation of it must be deferred, till we come to der 
termine wkh what velocity it h tha;t the elastic fluid expands 
itself* 

165. Other causes of diminution in the velocity are, the 
gradual firing of the powder, abo the unequal' motion and 
density of the elastic fluid behind the ball, and lastly the 
weight of the powder itself, which must require part of the 
force to give it so violent a motion. The investigation of 
the theorem proceeds on the supposition that all the powder 
is fired the first instant. But, though thie time of firing is 
manifestly very small, yet it must be ackuQwledged that it i^ 
not all inflamed in an instant, both fvom the eircumstance, in 
the higher charges, of many grains of fMnwd^r being blown 
out unburnt, and the velocity of ihi&baU being very sensibly 
below what it ought to be, on the supposition of the total 
and instantaneous inflammation. A consideral»le dimiautioa 
must therefore result on this account, ^yitbout admittjog of ^ 
thtoretieal investigation, and withoul; tbe oaeans of au esti* 
mation, except from the defect of its .due forcQ in the exr 
periments. 

166. Again, the motioa of the inflamed fluid is slowest 
next the breech, and gradually quicker all the way, from 
thence to tbe ball, where it is the quickest. For the same . 
reason also, tbe fluid is densest and strongest next the breeds 
and all the way rarer and weak-er to tbe baj>, w^re it is the 
weakest. Besides, the fluid is supposed to act upon tfa« baj% 
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»n4 tP nirge it, wi^i its whole force and velocity ; whereas ip 
fact it only acts with its relative velpcity, or »?y thp excess 
above the velocity of fhe ball, Oi^ all thpse apcpu^ts then, 
it is wiai^fest that th^ velocity it, the expenipent must b^ 
greatly dirtinisbed, without receiving ^ previous thpore^ical 
calculatipn, to ^timate its effects. 

161. Lastly, in the calculation it is supposed that th^ 
-whole stredgth of the powder is exerted in urging the ball 
forward ; whereas some part of the force must be employed 
in giving motion to th? gross particles of the powder, and 
even the generated fluid itself ; which consequently ought to 
i>e deducted from that which was supposed to act on the ball, 
or Its weight, either in whole or part, added to the ball, by 
which njeans the motion of this will be still further diminished. 
pa all these, and pprhaps other accounts also^ it is manifest • 
that the Experimented velocities of balls must be far below 
what tbey oHght to be, iif the whole force of the inflamed 
powder was employed and spent qqly upon the ball in giving 
it motiob. 

1 68 To renew the calculation of the yeslocity then, so ay 
to include in it, as well as that of the ball, bqtli the weight 
if the charge of powder,' and the flannel bags W which it 
was contained. Now, l^ecause the elastic flpid of the in- 
flamed powder occupies, at all times, the parf of the gvn 
bore behind the ball, the middle of it, or nearly its centre of 
gravity, will be moved with only half jhe yelpcity that the 
hall moves with; and this will require the same force as half 
the weight of the powder, moved writh the whqle velocity qf 
the ball. Therefore, in the result before derived, we ar? 
now, instead of the weight of the ball a>, to substitute the 
ouantity p + «>, and then, instead of tlie first theorem, it 
will now become v = V(*^ x hyp. Jog. 4) for the ve- 
locity T)f t)ie ball, p denoting half the wrigl^t of the pow4er 

and bag. 

But when the given numbers are substituted for the letters 
g, m, c, and the hyperbolie logarithms are reduced to the 
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common ones, then the same formula becomes 

^ ^"TTUr ^ ^^^' »og- — ), or It is also nearly 
V = 47y/(-_ X log. —), the same velocity; or it is 

f = '4(>'1V{ — ^ X logf. ~), including the allowance for the 

tounter-pressure of the air. 

• 

169. But now, as we have determined by numerous ex- 
periments, detailed in the S^th Tract, the actual velocities 
of balls in a great multitude of instances, by substituting then 
any of those velocities for v, in the last theorem, it is mani*;- 
fest that the equation will give us the value of the unknown 
quantit}' 7i, which has hithert<) been assumed to denote the 
first force of fired gunpowder; the values of all the other 
letters in the formula being known. Considering all the other 
quantities then as given, and reducing the last equation to 

find fif it gives us n = ^ ^ v^ -J- log. of y for the general 

value of the first force of the elastic fluid, or how often 
it is stronger than the pressure of the atmosphere ; a quan- 
tity which has been assumed equal to 1000 by Mr. Robins, 
but imagined by several other persons t* be some larger 
number. In the theorem, d and h denote inches, v feet, and 
p and w ounces. 

170. Now, to make application of this theorem to sotne 
of the cases in Tract 34-, to the end of the year 1786, for 
the three cases of 4, 8, and 16 ounces of powder, with ail 
tlie four different lengths of guns. We have seen that the 
ball there employed, was of 1*96 inches in diameter, and its 
medium weight 16 oz 13 dr = 16*81 oz. It has been found 
also, that the weights of the bags containing the 4, 8, and 16 
ounces of powder, were 8 dr, 12 dr, and 1 oz 5 dr; these 
theli being added to the respective weights of powder, the 
sums 4*5 oz, 875 oz, 17*31 03^ are the correspondent values 
of 2p'j and their halves, 2'^5 oz, 4'.i8 oz, and 8*66 oz, are . 
the values of the quantity p for those three charges ; these 
then being added to 16*81, the constant weight of the ball, 
there result the three values of p + W for the said three 
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charges of powder^ wT^ich values therefore arc IQH)^, an4 
? 1-1 9, and 25-f7 ounces. It may be renaarked also that the 
lengths of the gun bores, when corrected for the spherical 
hollow in the bottom of the bore, is, for the four guns, 28 53, 
38r4S, 57-70, and 8Q-23. ^Iso, that the length of the thre^ 
charge?^ when corrected in like manner, are 3-45, 5*99. and 
1 1*07, for the powder and bag together ; but for the powder 
alone only 2*54, 508, and 10-16. So that a general synopsis 
pf all these dimensions and data^ with the correspondent ve- 
locities of the ball, will be as in the following table. 



The Gun. 


Charge of Powder. 


Wt.of 
ball and Velocity, 

charge, ortheva- 
or values li|esofv. 
ofp + w. 


First 

force, or 

the value 

of n. 


1 

2 

3 
4 


Length or 
value of 


Wt. i» 

p^ace^. 


IfCngth or value 


of fl. 


of A. 


28^53 


4 

a 

16 


3-45 

S'99 

11-07 


2-54 

508 

1016 


19-06 
21-19 
25-47 ■ 


1100 
1340 
1430 


1182 

1319 
1531 


38-43 


4 

8 
IS 


3-45 

5-99 

11-07 


2-54 

5 08 

1016 


19-06 
21-19 
25-47 


1180 
14S0 
1660 


1192 
1440 
1526 


57-70 

• 


4 

8 

16 


3-45 

5-99 

1107 


f 
2-54 

5-08 

10-16 


1906 
21-19 
25-47 


1300 
1790 
2000 


1238 
1622 
1670 


80*23 

• 


4 

8 

16 


3-45 

5-99 

1107 


2-54 

508 

10-;[6| 


19-06 
21-19 
25-47 


1370 
1940 
2200 


1231' 

1664 

1684 



Then, by computing the values of the force n, by the pre^ 
.ceding forniula, from the several data contained in the firsf 
seven columns oi this table, those values come out as they 
are here arranged in the 8th or last column. 

171. Here it is observable jthat the valqes of «, for th^ 
first force of the elastic fluid, are considerably various, bofh 
for all the guns aiid for all the (charges of powder ; sieveral 
of which circumstances can be easily accounted for, and 
30ine of them appreciated.. And firs^^ it mt^stbe considered 
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ihat these numt^ers, for the value of n, QUght to. exhibit the 
first force pf the inflao^ed powder, when it is supposed to oc« 
4cupy the space only in which the bare powder ifcsetf lies j 
wfaerieas |t is manifest, that the condensed fluid of the charge, 
in these e^cperiments^ occupies the whole space between the 
^all aod the bottom of the gun bore, or the whole space takei^ 
lap by the. powder and the bag together: which exceeds the 
former space, o|r that of the powder alone (besides the dif- 
ferent lengths in the bp|*e, which has been accounted foe by 
using h fp|r a in ^he theorem) at least in the proportion of the 
Circle of the gun bore, to the same as diminished by the 
thickness of the surrounding flannel of the bag that contained 
^be powder; it is manifest then that the force was diminished 
in^the sable ratio on that account. Now, by gently com** 
pressing a number of folds of the flannel together, it has 
^eeh found that the thickness of the single flannel was equal 
Jto the 4Qth part of an inch ; the double of which, -^ or *05 
of an inch, is therefore the quantity by which the diameter 
pf the circle of the powder within the bag, was less than that 
|of the gun bore. But the diameter of the gun bores was 2*02 
^phes ; therefore, deducting the *05, the remainder 1*97 is 
(the diameter of the powder cylinder within the bag : and be-> 
/cause the areas of circles are to each other as the squares of 
their diameters, and the squares of these numbers, 1*97 and 
2*02, being to each Other as S88 to 408, or as 97 to 102 ; 
therefore, on this account alone, the numbers before found, 
for the values of n, in the last column of the table, must be 
pcreased in the ratio of 9*7 to 102, or nearly the ^\ part ; 
which increase being made, the numbers for the, value of n 
will be as in the annexed tablet, so far as includes the effect 
of this cause ci increase. 
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1244 
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1612 



The Guns. 



i*-* 



1255 
1521 
1606 
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3 
1303 

1107 
1758 
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1296 
1752 
1773 



29S 



THSORV AKO PRACTICE 



TRACT S7> 



V 

172. There is another circumstance, wliich occasions the 
space, at first occupied by the inflamed powder, to be larger 
than that at which it hasiyeen taken, in the foregoing caicu*^^ 
lutions; and that is the difference between the content of a 
sphere and cylinder. For, the space supposed to be occu*- 
pied at firs^t by the elastic fluid, was considered as the length 
of a cylinder measured to the hinder part of the curve sur- 
face of the ball, which is manifestly too little, by the differ- 
ence between the content of half the ball, and a cylinder of 
the same length and diameter, that is, by a cylinder whose 
length is^>} of the semidiameter of the ball. Now that dia^ 
meter was I '96 inches ; the half of which is 0'98, and ^ of this 
' is nearly 0*33. Hence then it appears that the length of the 
cylinders, at first suppose<i to be filled by the dense fluid, 
viz, S"45, and 5*99, and 1 1 '07, have been all ta'ken too little 
by 0*33; and hence it follows that, on this account also, all 
the numbers before found for the value of the first force n^ 
must be further increased in the ratios of 3*45 and 5*99 and 
irol, to the same numbers increased by 0*33, that is, to the 
numbers 3'7S and 6*32 and 11*40. When this is done, the 
nambers for the value of n, so increased, will be as in Uie 
annexed tablet. 
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oz 
4 

8 
16 


1 

1359 
1457 
1660 


2 - 
1376 
1612 
1654 


3 
1427 
1793 
1811 


4 

1421 
1840 
1826 



173. Another source of diminution of the force, is thd 
waste of i\vR fluid by the vent and the windage. These di* 
minutions, from the extreme rapidity of the fluid, tnixst M 
very considerable, though the effects are very diflicult to be 
computed with accuracy. This loss of force arises from 
hence, that while the ball passes along the gun cylinder, the 
elastic fluid constantly escapes, not only at the vent or touch- 
hole, but also between the ball and the sides of the cylinder ; 
so that the elastic force must always be greater than those 
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abpre found by pomputation from the experimented velpcW 
ties. This fluid, on account of its great elasticity, movefi 
mych quicker through the above-mentiotied openings, thaa 
the ball ever can inove. Hence the dimii)ution of tlie im* 
pelliiig force must (>e considerable, and mui^t necessarily 
make the velocity of the ball much less than what it would 
.otherwise be. In order to assign the quantity of the decrease 
frona tfiis cause, it is necessary to know with what velocity 
the compressed elastic air, in the gun, passes through the 
vent^ and by the sit|es of the balL This degree of velocity^ 
can nefrer be communicated to the ball, ?>ince the powder 
act3 oi> the ball only by its relative velocity, that is, by so 
much as the velocity of the bail is less tlian that of the flame 
jwould l^e,. if there was no ball at all, or if it was suddenly 
sinnihilajted. Since the ball, by its own mass, resists the mo- 
tion of the flame, as well as meets with resistance from ex- 
ternal causes, it is easy to conceive that the ball can never 
acquire so great a velocity as the flame would acc^uire, if no 
obstruction lay in its way. Hence it is obvious, that the 
greatest velocity which the powder can communicate to the 
ball, will always be less than that which the pure flame would 
acquire, in proportion to the weight of the ball it impels, 
and the resistance the ball meets with. And hence, it is of 
the greatest importance to obtain a knowledge of that velo- 
city. That it is immensely great, is evident from the cir- 
cumstance of its communicating such high velocities to the 
heaviest balls and shells, being probably not less than S or 4 
times that of the balls in the more ordinary cases. There 
fpay be several ways of determining this, either by theory or 
|>y experiments* But, preparatory to tliat determination, 
^e shall first epquire what aid towards it may be further de- 
rived from Qiir own experiments, especially by another cor- 
fectiofi of oui: theorem for the ball's velocity, on account q{ 
the waste of tlie elaspc fluid by the vent and windage* 

174. This subject has before been adverted to in arts. 77 
»n4 11$ of the 34th Tract. It there appears that, upon an 
itverage^ about the f part of ^be force is lost by the difference. 
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of YF of an inch in the windage, viz, between the balls of 
V96 and I S6 diameter, that of the cylinder of the gun being 
2*02. And the quantity lost being as the spaces, and the 
spaces as the differences of the squares of the diameters ; 
therefore, as 1-96* - 1*86* : | : : 2'02* — 1*96* : j^ nearly sa 
•21 nearly; and this is the part of the force lost by the wind- 
age between 2*02 and 1*96 diameters. There remains yet to 
be computed the waste by the vent. If we estimate this in 
proportion to its magnitude, which will not be far from the 
truth; and its diameter being nearly 4 of an inch = '2; 
therefore as 1*96* — 1'86*': -f : : -2* : '04 nearly, the waste of 
force by the vent only. The two together make -25 or |^, 
for the waste by the windage and vent with the usual ball of 
1*96 diameter. On this account then we must increase eacH 
of the numbers in. the last tablet by the ^ part, by which 
means they will then become as here annexed, for the several 
values of the first force ». 
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4 
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16 


1 
1700 

1821 
2075 


2 

1720 
2015 
2068 


. 3 
1784 
2241 
2264 


4 
1776 
228? 
2300 



175. Such then -are finally the numbers denoting the va- 
lue of riy the first force of the inflamed elastic fiuid, including 
the effect of beat, when occupying the space only filled by 
the powder alone, before it was fired, when niost of the ma* 
terial allowances are made ; , and which we thus find is about 
double of what Mr. Robins supposed it to be» With each 
charge of powdep, there is but very little difference among 
all tbe four guns, being of equal diameter, though of very 
different lengths ; the numbers increasing but a v6ry Kttlfe 
with the longer guns, probably arising from the circumstance 
(rf the pow4er acting rather a longer time on the ball in the 
long gun$, than in tbe shorter ; a cireumstance wbiicb. very 
well account for tbe small diflbrence in the effect. But a 
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greater difference takes place among the effects of the dif* 
ferent charges, with each of the guns, as in each case there 
is a jpretty uniform increase with the charge of powder ; a 
circumstance i^hich probably happens from the greater de- 
gree of heat likely to take place with the greater quantity of 
powder, and which may therefore very well account for the 
differences here adverted to. So that all the numbers, now 
finally deduced, seem to possess all the favourable appear- 
ances that might be expected to happen from the causes most 
likely to produce such effects. 

176. Let us now advert to other consequences resulting 
from the foregoing conclusions. We have found the strength 
of inflamed gunpowder, when fired, or while the flame occu« 
pies only the same space as the powder did before it was 
fired, on a medium to be about 2000 times the elasticity of 
common air, or 2000 times the pressure of the atmosphere, 
when the barometer stands at 30 inches, that is, equal to the 
weight of a column of mercury, of equal base, and of the 
height of 60000 inches, or 5000 feet, being almost a mile in 
height ; that is, including the effect of the heat of the flame. 
Now, it has been shown by Mr. Robins, and several other 
philosophers, that the elastic air generated by the firing oT 
any parcel of gunpowder, when cooled to the temperaturQ 
of common air, and made to fili a space of about 244 times 
greater than the bulk of the powder, was then reduced ex«* 
actly to the same strength or elasticity as common air; and 
that therefore, when cooled, and filling only the first space 
of the uttfired powder, the elasticity being at least in as high 
a propcnrtion as the density, its elasticity must be then equal 
to 244 times that of natural air* And having found that a^ 
heat equal to that of red«*hot iron, will increase the elasticity 
of air 4^ times; therefore, supposing the heat of inflamed 
gofipowder to be equal to that of the red-hot iron^ he cpn<» 
eluded that the dasticity of the heated elastic fluid would be 
equal' to 244 x 4^ or 99Q times, or in round numbers about 
lOOQ times, ^preater than that of the ataiosphere. • . 
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177. Oh this principle it was that Mr. Robins made all 
bis experiments, and performed all his calculations in gun- 
nery, fiut it is manifest that this method of guessing at the 
degree of heat of the flame must be very uncertain and un- 
satisfactory, as much below the truth, since all our notions 
and experieqce of the heat of inflamed powder convince us, 
that it is higher than that of red-hot iron ; and indeed it' has 
clearly appeared from our experiments, that its heat is at 
least double of that of red«hot iron, and that it increases the 
elasticity of the elastic fluid more than 8 times. Mr. Robins, 
as before mentioned, stated that he computed the elastio fluid 
produced by the fired powder, when cooled, to be 244 times 
denser and stronger than common air : this however is a ra- 
dical error, the effect of which runs through all his after cal- 
culations; and it happened in increasing the number 520, 
by its T-'y part, erroneously stating it thereby to become 575, 
instead of only d55 ; in consequence it happened that he 
brougbt out the number 244, instead of 236, which is the 
true measure of the elasticity of the cool elastic fluid, w^hea 
occupying the sanie space as its producing powdeV. But it 
has been found, from our experiments, that by the heat of 
the flame, the elasticity is increased to 2000 times that of the 
atmosphere, which is an increase of almost 9 times the force, 
6y means of the heat of the inflamed powder, instead of 4 
times only. 

178. We may hence also deduce the amazing degree of 
condensation of the elastic air in the nitre and gunpowder, 
and the astonishing force experienced by its explosion. It 
has l>een found by* Mr. Robins and other philosophers, that 
^ x>f the mass of the powder consists of the pure condensed 
air, or that the weight of the condensed air is equal to ^j^ of 
ihe whole.oomposition. But the whole composition of the 
powder coo^sts of 8 .parts by weight, of which 6 parts are 
nitre, 1 sulphury and 1 charcoal ; of which the nitre, or 4 of 
the composition, furnish^ the whole of the eoi!idcDsed air, 
while the sulphur aad. charcoal only give the fire that pro* 
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duces the explosion. But\^ of the whole mass of 8 parts, 
is equal to ^^ of the 6 parts or nitre ; that iS| ^^ or ^ of the 
nitre consists of condensed air, or the weight of the air is to 
the weight of the gross matter in the nitre, as 4 to 6, or as 2 ' 
to 3 ; and these two parts it is probable are of equal density 
or specific gravity. But the speciBc gravity of nitre is 1900, 
that of water being 1000, and of air 1-2, which is contained 
in 1900^ as much as 1383 times;. that is, the air in the nitre 
must be condensed. the amazing quatitity of 1583 times, if its 
specific gravity be equal to the compound nitre itself! 

179. The condensation of the air, in the solid nitre, may 
be otherwise determined thus. The weights of the three 
solid ingredients, nitre, sulphur, and charcoal, being as the 
numbers 6, 1, 1, and their specific gravities respectively 
1900, 1810, and 400 nearly, water being 1000, or they are 
ks 19 and 18 and 4 nearly, when water is 10. Therefore the 
magnitudes of these ingredients are as ^Jt., ^J^^ ^^ or as the 
numbers 216, 38, 171, when brought to a common denomi- 
nator 684. The first fraction ^\^ is nearly equal to the sum 
of the other two -^-^ and ^^; that is, the magnitude of the 
nitre in the compound, is i of the whole magnitude. But 
the condensed air is * of the nitre ; and | of i = | ; therefore 
the magnitude of the air is | of the whole, considering them 
all as in a solid mass. But now the specific gravity of this 
mass will be found by dividing the weigJit 8, by the magni- 
tude |.j|+^+^j,~||^, that is 8 T-|fi= 12-8 is the specific 
gravity of the solid mass, while that of the same when grained 
as powder for use, is only 9*37; then as 937 : 128 : : 236 
(the density of the elastic fluid when occupying the space of 
the grained powder) : 322 the density of the same in the 
space of the solid. But the space occupied by the fluid is j. 
of the* whole: therefore 322 x 5 ac ]6lO is the condensa* 
tion of the same, or the number of times it is denser than 
common atmospheric air, and is nearly the same as before 
found by the otter method. That is, the air is condensed in 
the nitre, about 1600 times, nearly double the <iftnsity of 
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water ; wbicb may well be considered as probdibly the great* 
est degree of compression that air is capable of. Hence it 
may be perceived that a prodigious force miisi be eiterted by 
nature in generating nitre : and as this great force actually 
exists in nature, it is very probable that the air in the nitre 
is thus compressed into the most dense state possible; and 
in this consists the similitude among the different particles 
of nitre. 

180. It remains now then to determine the velocity with 
which the elastic flame expands itself arid moves. If thel 
whole substance of the powder was changed into an elastic 
fluid at the instant of the explosioui then^ fi'om the ktiowri 
elasticity of this fluid deduced from our experiments, in the 
foregoing articles, and its known density^ we might deter- 
niine the velocity with which it would begin to expand, and 
could thence discover its future augmentaitions in its pra> 
gress through the gun cylinder. But, as it is probable eveii 
that the powder does not inflame all at once ; and as it is 
certain tliat the greatest part of it^ viz. t^, consists of gros^ 
matter not convertible into an elastic fluid i which matter will 
in the explosion be mixed with the elastic part^ and will by 
its weight retard the activity of the explosion, and yet they 
will not be so uniformly mixed, and intimately united^ as to 
be moved with one common motion ; but the gross part will 
be less accelerated than the elastic^ and some of it will not 
even be carried out of the barrel, as appears by the quantity 
of unctuous matter which adheres to the inside of all fire^ 
arms, after they have been discharged. And besides^ it ap- 
pears not that even the elastic fluid itself is uniformly diffused 
through all the space of the gun cylinder ; but rather, ofl 
the contrary, that the elastic fluid must be more compressed 
fmd dense in the after parts, and less in fronts From all 
these circumstances it is manifest that some uncertainty must 
attend even the application of any theorem to our best ex-^ 
perimentSy such as the preceding formula v == 46*7 V^(r 

X l^S* ^) '^^ ^^ value of the ultimate velocity «, or th€ 
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form n = ir~rv^ 4- J«g. — for the value oF the inifial 
force w. For, thougb these two thus depepd the one \xpon 
the other ; and the one of these, as v, be very well deter- 
mined by the experiflaents ; yet the formula includes a quan* , 
tity pj the exact value of which it is impossible lo assign, but 
xnustt remain very uncertain, being only guessed at by judging 
from cireuknstaiices as near as may be. In these formulae^ p 
bas been assumed equal to half the weight of the powder and 
bag ; a portion which, from the uncertain circumstances be- 
fore mentioned, must evidently be too Targe a quantity, be- 
cause it presupposes a uniform diflfusion and density through-* 
out tlie mass of inflamed powder, both of the gross and tibe 
elastic parts* Such as it is however, we shall proceed to etn* 
ploy the first of these formula to determiBe t^e velocity of 
the flame, and afterwaids make such correotionis in the restllts 
as other reasons may happen to suggest. 

181. Now, in the formula ©=; 46*7 V( x logr. — )=: 

tiA h 

46'ldj^( X log. — ) giving the ultimate velocity of the 

ball, whose weight isar, it is manifest that the less die weight' 
Wf in the denominator j^ is, the greater will be the valise of 
the velocity t>, of the ball> and the fore part of the elastic 
fluid, which pursues and urges it on ; therefore, by supposing 
the value of w diminished till it quite vanishes, or becditiel^ 
equal to nothing, the formula must then give the velocity of 
the expanding elastic fluid itself, subject only to tbe vtM^sr^ 
tainty of the assumed part p. Now, by omitting tte Iretght 
w in that theorem, it becomes t) =s 4J6"7rfi/(— x log. — ); or, 
substituting 1*96, the value of ^, instead or it, the formula 
becomes 91*532 -/(— x log.—); by which we shall now 

proceed to compute the values of ^, according to the diffeceni 
values of all the quantities a, £, n, h, p, as before, as^nedy 
which several values, for the four guns^ are as in tfae'sub^ 
joined table. 
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The Gun. > 


- 


Charge of Powder; 




Velocity 
of flahie, 

V 


le 


length 
b 


. wt. 
oz. 


Values of 




o- 


A 


P 


n 




4 


3 45 


2-54 


2-25 


1700 


3841 


1 


28-53 


8 


5-99 


. 5*08 


.4-38 


1821 


3464 





■ 


16 


11-07 


10-16 


8-66 


2075 


2896 




4 


3-45 


2-54 


2-25 


1720 


4127 


2 


38 43 


S 


5-99 


5 08 


, 4-38 


2015 


3976 


■ 




16 


11-07 


1016 


8-66 


2068 


3305 




4 


3-45 


2-54 


2-25 


1784 


4544 


3 


57-70 


8 


5-99 


508 


4-38 


2941 


4629 


r 




16 


1107 


10-16 


8-66 


2264 


3995 




4 


3-45 


2-54 


2-25 


1776 


4791 


4 


80-23 


8 


5*99 


5-08 


4-38 


2282 


4999 


1 


- 


16 


1 1-07 


10-16 


8-66 


2300 


4405 



Then, by computing the velocity for every one of the twelve 
cases, by the last formula, they come out as they are arranged 
in the last column of this^ table^ Ani here it is seea that these 
numbers, for the velocity of the elastic flaoie^ gradually in- 
cre^Sie from the shortest gun, to the longest, from the nvtm" 
ber,3Q00 to 5000, as might be expected to happen from the 
different lengths of the guns, but in a far smaller degree^, 
like the numbers for the value of n, in the last column b«it 
one. The four mediums, among the three numbers for each 
gun, are 3400, apd 3803, and 4389, and 4732 ; also the me- 
dium araof)g all these is ^4081. But,, by an experiment of a 
different kind, Mr, Robins foi»QiL the velocity of the flame 
come out as high as 7000, which is probably nearer the 
truth, as we suspected, before making the computation, for 
the reasons before mentioned, and chiefly by taking so much 
ad half the weight of the charge for the value of p, while it 
is more likely that it should not be more than -( or -f- so much 
as has been assumed for p* If a calculation be made with -i- 
of the same value of /», the result comes out between 7 and 
8 );bausand, which may probably be nearer the true.qwntity; 
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and with f of J5, or j. the whole weight of the charge, the ve- 
locity is between 6 and 7 thousand^ which is probably the 
lieardst of any; 

• 182, Another consequence to be derived from oar the- 
oreofi for the velocity of the ball, is the proper charge for 
apy given gun, so as to communicate to the ball the greatest 
velocity possible. It is not difficult to perceive that the ve- 
locity will not be increased by increasing the charge beyond 
a certain degree; because, when the barrel is almost full of 
powder, the ball will be out of the piece before the. charge 
has time to give it the full velocity; and, on the other. hand^ 
when the charge is very small, it is too weak to give the ball 
a sufficient impulse.- So that, by increasing the charge gra- 
dually from the smallest, the velocity communicated to. the 
b^ll will be gradually increased, till it arrive at a certain de- 
gree; after which^ the velocity will be gradually decreased 
again, as the charge is more increased, till the barrel is quite 
filled with the powder. Hence it follows that, in every gun, 
there is a certain charge which will give the greatest velocity 
ib the ball ; and that by either increasing or diminishing thcj 
charge, the motion of the ball will be diminished. Now it is 
evident that the knowledge of this charge is of great import- 
ance in artillery : for, by this means the artillerist is enabled 
to discharge the ball with the greatest velocity ; and someu 
(imes to save mitch po\irdef, by knowing that a greater charged 
tv'ould not communicate so great a motion, but perhaps much 
less. Therefore^ to find the charge which' will give thfe 
^rdatest motion to the ball. We must make the formula a 
maximum which expresses the velocity, or its fluxion equal 
to nothing, cdnsidering thd length a of the charge as the va-i 
tying quantity* 

. 183. If, for this purpose, we take here the first formula, 
p zz \^{ ^^"""^ ■ X hyp. log. — ) ; then by squaring and can- 
celling the constant factors, we obtain a X hyp. log. ^ a 

maximum, or the hyp. log of (— y a maximum. Thefluxioa 

x2 



1 
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of this is i X hyp. log. ~ — i s= ; hence t^e hyp. log, of 

— = 1, and — =: the number whose hyp. log. is k, that i^ 

— 3? 5m92S, and -j- = 2:^—^ or the length of the charge 

a is rather more than 4* of the length of the gun bore. So 
that a:b : : I: 2*718289 or as 4 to 11 nearly, or nearer as T 
to 19 ; that is, the length of the charge, to communicate the 
greatest yelxxity , by the above formula, is the ^ of the length 
of the bore, or nearer ^ of it, or about ^. By our experi*- 
ments it has been found j(art. 124 Tract 34) that the charge 
for the greatest velocity, is but little less than that which is 
here computed from theory, the correspondent parts there 
found, fot the four guns, being nearly ^, ^7, 1^, •^; the^ 
parts here varying as the gun is longer, which allows mor» 
time for the greater quantity of powder to be fired, and for 
the flame to act on the ball, before it is out of the bore. 

]f84» But we. shall be likely to come nearer to the experi-- 
laented quantity, if, instead of the 6rst ox incorrect formula, 
we employ the more exact one, which includes the weight of 
a portion of the powder, as well as that of the ball; viz, the 

theorem o* = ^^*^ x hyp. log. — , or, omitting the con*- 

stant factors, ^^ x hyp. log. — must be a maximum. Now 
it will be convenient here to express p and w in terms of a 
and (L And first, the content of the hall being |c(i' in cubic 
inches ; and the cubic inch. of cast irouv weighing. 4*3 ounces ; 
t})^refore 4*3 x |rrf' = 2'8|cd' is = ar the weight of the ball 
in ounces ne^^rly . Alsp the length gf the cylinder of the pow- 
d^ and bag being a,, its content will h^acd'^ inches ; and the 
weight of the cubic inch of the same being half aq ounce 
nearly, or rather *54, therefore *54acJ* is =: 2p the weight 
nearly, or p = *2laceP* Substituting now these values of p 
and tt^ in ^ denominator (tftbeiiiaxim&im above mentioned^ 

it becomes —-|g~jp X 1^. log, ^, or. 75:57— x hff* 
l0g« -^ the maxinmnak TbeD putting the fluxion of thj» 
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Quantity = 0> *e fcqtiation reduced gives hyp. log* erf 
± «. ]0^±^ — t • _f_^ a general expression for *e value 

©f the hyp. log, of 4*» i» assuiaiog the whole yalue of p, or 
haif the weight of the powder in the formula. 

1 85. Now, though it might be very easy to find the value 
of a in this equation, for any particular values of i and *, by 
means of the rule of double position; yet it may be propeir 
to obtain an equation, and a general value of the length of 
the charge a, out of logarithms. _ And for this purpose it majr 
be convenient to employ Dr. Halley's approximation ftir a 
number from a given logarithm, which is this, the number is 
L = ®±|, where -^ is the required number, and I its hyper- 
bolic logarithm. Now, in the present case the quantity/ 
denotes the fraction ^^ ; which therefore being substi- 

tuted for /, tiiat number becomes ^ = fjjigjr; == ^ "^ lo-ed-a 
Hence it appears that, in all cases, the value of a is less than 
^ of b, and that so much %Jie more as the charge is higher. 
The diameter d being :*= 1-96, which siibstituted (or it, the 
last equation becomes 1- art g^^ ; which reduces to this 
quadratic equation, a* + {65 + b)a = 21*. This applied 
to our first gun, where b = fiS'ilS, it gives a =s 6j.; hence 
•i- ss.4-6 nearly ; which by the experiment was y =i=3f. 
—But when the same quadratic. equation is applied to the 
4th gun, in which b =: SOJ, it brings out a = 11 nearly; 
consequently — = 7|. nearly, but which by the experiment 
was y = 6^ So that, in ev^y case, the theorem brings, out 
the value of a rather too great, when the whole value gf p, 
«r the half weight of the charge, is used in the denominator 

18B.' But, we before found, in detefmimng the velocity 
• M the i^iflsmed elastic flaid, that the properest vdue of the 
^amity p, is not equal to half the v^reight of the charge, bat 
rather to | of it^ or to |p. By ««itig thi« qiawrtity then, ii^ 
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Stead of />y as above, and repeating the process, the fins^l 
equation comes out nearly fl* + (96 + b) a = 32 J^ where tlie 
numeral coefficients are to those in the former case, as 3 to 2, 
the same as the two values j9 to ^p here assumed : 9.nd' so.it 
will always be in the cases of other assumptions for that of/). 
Or the equation will be a' + (48 -d-^) ^ == }f^by when a and 
b are estimated in calibers of the gun. Then, by computiug^ 
the values of a in this equation, fgr all the four different 
lengths of pur guns, they come out very near the same as 
those before found in the experiments. Also, from the same 
equation the following table has been computed, for the 
lengths of the charges proper to give the greatest velocity 
by several different guns, the lengths being estimated in ca- 
libers or diameters of their bores, by the common difference 
oiF5. 



Length of the piece 
calibers. 


in 


Length of the charge irj 
calibers. 


' • » 


* 


.4 




5 


1-47 


-- 


10 


2-64 

* • • • 




15 


3-60 




20 


4-42 




25 


5-12 


' 


30 


5-73 




35 


6-27 




40 


6-75 




45 


.7-19 




50 


T58 



-.--» 



187. AH these calculations, from theory, agree very nearly 
ivith the result of the experiments ; a coincidence which is 
at once a proof and confirmation mutually of the one and the 
other. Mr. Euler has given a similar table from theory, in 
which the lengths of the charges are all very errpnepus, be- 
ing too great by quanjtities in. a regular increasing series, 
from the ratio of l to 1*64 the Ipast, to that of 1^ to 1*90 tfafs 
greatest, being almost doui^le. And in many other cases thp 
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calculations of the same author, though extremely ingenious, 
are equally erroneous, chiefly for want of a knowledge of the 
true resistance of the air, to bodies wbed moved with great 
▼elocities. 

188. From what has been done in the last two articles, we 
can now deduce a much more convenient theorem for find- 
ing t!he velocity in all cases, as well as the greatest velocity 
communicated to the ball, from any given gun, and with any 
given charge of powder. In those articles, the quantities 
employed, besides the constant numbers, are or may be all 
counted in calibers of the gun ; for the diameter d is 1 cali- 
per, and a and J, the length of the charge and of the gun, 
can be as conveniently estimated in calibers, as in any other 
measures whatever. The general theorem being 

log. -J =s 122671 X ^t;^ X hyp. log. — , or t;* = 2824n x 
— T-z X com. loff. — , or -0* = 8473nX :; > x com.loor. — • 

where w denotes the weight of the iron ball, nf the weight 
of the powder^ n the first strength of the powder, or how 
many times it is stronger than the elasticity t)f common air^ 
and c = '7854. But now, the diameter of the ball beiog if, 
its content will be ^cd^ cubic inches, and its weight w = 4*3 
X'^d^ =s 9j^cd^, And the diameter of the powder being d 
also, and its length a ; therefore its content is a£d\ and its 
weight '5^225acd^, Then, substituting these values of %o and 
tif in the above formula, it becomes by reduction v^ =r 15625n 

^ TtT+T ^ ^^^* ^^T '*^^''^y* ^^> putting jr=*- the num- 
be)r of calibers or diameters contained in'a the length of the 
charge, the theorem becomes r* = 15625n x •—- x log, of 

— , or t? =: 125V'(~— x log* of — ) ; being the simplest 
and most easy theorem for the balPs velocity that has yet 
been found, and is besides general for all diameters and 
lengths of guns whatever, all the dimensions being taken in 
calibers or diameters of the bore only. The quantity n might 

\ 
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also bure a niMBMml value given to it? for, though the value 
tof n be a little various, for the difFeront charges and guns, 
being, betwiseii the nunibers 1100 ^nd ^00 in the last deter- 
mination of them in art. 174. But as that statement of diose 
values of n, was the result of experiments made with the 
charges of powder put into bags, which renders the length 
of the charge always considerably more than the real length^ 
which the powder alone would occupy in the gun cylinder, 
especially in the lower charges^ and as the theorem, which 
as just above given, supposes a to denote the length of the 
'powder alone^ without ^ny including bag ; it may therefore 
be best to take a medium among the values of n for the highr 
est charge, as shown in the last line of the table in the der 
termination above referred to, which numbers, for the fpur 
guns, run from 2075 to 2300, the medium among the four 
being nearly 2200, the square root of which is 4l very nearly. 
This then being substituted for ^n in the last theorem, k 

becomes finally t; == 5875 •(j—^ X log. of—), for the ve- 
locity of the ball in all cases, both accurate, and in its most 
simple form. Or it may be v = 5S15\^{j^— X log* of -), 
countii^ both a aiid b as expressed incsilibers of the gun. 

189. We shall now apply this formula in calculating die 
greatest velocity of shot discharged from all guns, in a series 
of all the lengths, differing by 2 calibers' at a time, with the 
respective length of the charges that communicate the great- 
est velocity J the results, widi the correspondent data, are 
arranged in the following table, which are all the same, 
whatever the caliber or diameter ^ay be ; the powder put 
in clpse to the p^s^nis or flat bpttom of the bore^ without a 
bag, and the diameter of the balf^equal to the caliber of th^ 
gun, 9r as nearly so as possible, with y§ry little or hq wind«» 
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Tahie of Charges for the greatest Velocities, 









Wt.of 




Length of 


Length of 


Quotient 


powder in 


Greatest ve- 


Mic bore, 
in cali- 
bers. 


the pow- 
der in ca- 
libers. 


of ^ T- fl, 
b 


100 parte 

jf the wt. 

of the 


locity of ball 
by each gun. 


h 


« 


a 


ball. 


- 


2 


0-63 


3-171 


12 


810 


4 


1-20 


3-333 


23 


1122 


B 


1-72 


8*488 


33 ^ 


1348 


8 


2-20 


3-636 


42 


1529 


10 


2-64 


3-788 


50 


-1681 


12 


305 


3-934 


^ 53 


1813 


14 


3-43 • 


4-082 


65 . 


1929 


16 


3-18 


4-23S 


71 


2033 


18 


4-11 


4-3H0 


78 


2127 


20 


4-42 


4-3^5 


84 


2213 


22 


4-71 


4-671 


90 


2392 


24 


4-99 


4-810 


95 


. 2366 


26 


5-25 


4-952 


100 


2434 


28 


5-50 


5-091 


103 


2498 


SO 


5-73 


5-235 


109 


2558 


32 


5-96 


5-369 


113 


2614 


34 


6-17 


5-510 


117 


2668 


36 


6-87 


5-651 


121 


2719 


38^ 


6'5Q 


5-793 


125 


2767 


40 


6-75 


5-926 


128 


2813 


42 


6-03 


6-061 


132 


2857 


44 


7-10 


6-197 


135 


2899 


46 


7-27 


6.-328 


138 


2939 


48 


7-43 


6*460 


141 


2978 


50 


7-58 


6-596 


143 


3015 


52 


7-72 ! 


6-736 


146 


3051 


- 54 


7-86 


6-«70 


149 


3085 


5S 


8-00 


7-OOQ 


152 


3118 


S^ 


8-13 


7-134 


1 DO- 


3150 


60 


8*26 


7-264 


157 


3181 



^/^•^^^f- 



190. Iq tfai$ Ubli^j the first column contains tlve dilferent 
Jeogths of the guns or mortars, expressed in the number of 
icaliber^, or bow many tioites the diameter is contained in the 
length, differing bj 2 diameters each time^ and extended 
from the shortest to the very longest piece, so as to include 
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all the lengths and diameters of pieces that can be used. In 
like manner, the 2nd column shows all the correspondent 
lengths of the charge of pure powder, put in without any 
bag or wad, but set close up with the rammer, these being 
the charges to produce the greatest velocity of the ball in 
each gun, and expressed in calibers of the gun also; all 
those values of fl, or length of the charge, being determined 
by the foregoing theorem a* + (48 + 6) a = 164, in art. 186, 
ty using for the value of b the successive numbers 2, 4, 6, 
S &c, in the first column. The Srd column exhibits the 
quotients of * divided by fl, or the values of y, being the 
proportions of the length of the bore to the length of the 
charge. The 4th column shows, in so many lOOth parts of 
the wci<yht of the ball, what is the weight of the several 
charges of powder whose lengths are contained in the 2d co- 
lumn, to produce the greatest velocity in the ball. Thus, 
for the first piece, of only 2 calibers long, the weight of the 
charge to give the greatest velocity, is /^, or about 4. of 
the weicrht of the shot ; for the piece of .10 calibers, the 
weight of the charge is 1^%, or just i the weight of the 
ball ; for 26 calibers bore, the weight of the powder is 100, 
or just the weight of the ball ; and so on to the last, of 60 
calibers bore, where the weight of the powder is m of that 
of the ball, or more than 1 J. And this column of the weights 
of the powder is made out from that of the lengths of the 
charges, in the following manner. In art. 1S4 it is shown 
that the weight of the ball is «^*i:rf^ ounces, and that of the 
powder •54'225fifflP, which two quantities are to each other 
in proportion as d to •19a or ^ of a nearly, where d denotes 
the diameter or i caliber, a the calibers in the length of pow- 
der ; therefore the values of a, in the 2d column, multiplied 
by '19, or divided by 5-26, will give the weight of the pow- 
der in 100th parts of the ball, as they are arrangied iu the 4th 
column. Lastly, the 5th column contains the several great- 
est velocities by the same guns, with the foregoing charges 
of powder, as computed from the formula 5S75y^{j~^K 



Jog. of ^), where a and b are expressed in calibers of the 

gun, as tlj^ey stand in the first and second columns of the 
last table. So that this table and the rules are general for 
all calijiers or diameters of guns, as well .as all lengths ; and 
from which the practical artillerist may derive the greatest 
advantage. If he wish to know what may be the best charge 
for any gun he wants to employ, knowing only how many 
calibers it is in length, with the weight of the ball ; by look- 
ing in the table, he sees at once both the length of the charge 
.of powder, and its weight, as well as the degree of velocity 
it will communicate. If the length, in any case, fall between 
any two adjacent nunibers in the first column, it is then only 
necessary to take the like medium between the correspond- 
ent numbers in the columns of powder and velocity. If a less 
"degree of velocity be necessary^ the correspondent charge of 
powder may be found, by taking it in proportion to the 
square of the velocity ; viz, by saying, as the square of the 
tabular velocity is to the tabular charge of powder, so is the . 
square of the proposed velocity, to the charge desired : and 
^us in many c^es a needless waste of powder and velocity 
may be prevented. In fine, it may be with truth remarked 
that this table, and the foregoing rules, being deduced from 
very numerous and laborious experiments, may be depended 
on for practice, as far more exact and satisfactory than any 
thing of the kind that has been before given for such pur- 
poses. 



( ^16 ) 



v 

V 



TRACT XXXVIIL 

MISCELLANEOUS PRACTICAL PROBLEMS, 8CC, ILLUSTRATIRf 
SOME OF THE FOREGOING PRINCIPLES* 

* 

PROBLEM I. 

// u required to find the Diameter of a Circular Parachute^ 
by means of which a man of I50lb 'weight may descend to the 
earth, from a Balloon at a height in the air, with the Velocity 
of only 10 feet in a second of time, being the Velocity acguired 
by a body freely descending through a space of only I foot 6| 
"inches, or of a manjumping down from a height of 1 B^ inches : 
ihe Parachute being made of such materids and thickness, that 
a circle of it of 50 feet diameter, weighs only 150/i, and so ui 
proportion more or less according to the area of ihe circle. 

If a falling body descend with a uniform velocity, it must 
necessarily meet with a resistance, from the medium it de- 
scends in, equal to the whole weight that descends. Let jr 
denote the dianpeter of the parachute, and a = '7854 ; thcB 
asr will be its area, and as 50* : x^ : : 150 : ^jt* the weight 
of the same, to which adding 150lb, the raan^s weight, the 
sum ■y^*4- 150 will be the whole descending weight. Again, 
in the table of resistances, at pa. 189, Tract 36, art. 42, ive 
find that a circle of ^ of a square foot area, moving with 10 
feet velocity, meets with a resistance of '57 ounces5='0475lb; 
and the resistances, with the same velocity, being as the sur- 
faces, therefore as | : '0475 : : ax* ; '2131 5ax^ rz 'leysar* 
the resistance of the air to the parachute, to which the de- 
scending weight must be equal ; that is, •16788x* = -j^* + 
150 ; hence -107880:* = 150, or ar* = 1390:5, and hence x = 
37 J^ feet, the diameter o^the parachute required. 
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PROBLEM II. 

To determine Ike Effects of PHe-Engmes^ 

The form of the pile-engine, as used by the ancients, is not 
known. Many have been invented and described by the 
moderns. Among all these, that appears to be the best which 
was invented by M.yaulouc, as described by Or. Desaguliers^ 
and waa used at piling the foundations at building Westmini- 
ster Bridge. Its chief properties are^ that the ram or weight 
be jaised with the least expence of force, or with the fewest 
men ; that it fall freely from its greatest height ; anc^rthat, 
haviiig fallen, it is presently laid hold of by the forceps, and 
flo raised up to its height again. By which means, in the 
shoiptest time, and with the fewest men, or the least force, 
the most piles can be driven to the greatest depth. 

Belidor has given some theory as to the effect of the pile- 
engine; but it appears to be founded on an erroneous prin« 
ciple : he deduces it from the laws of the collision of bodies. 
But who does not perceive that the rules of collision suppose 
a free motion and a non-resisting medium ? It cannot there- 
fore be applied in the present case, where a very great re- 
sistance is opposed to the pile by the ground. We shall 
therefore here endeavour to explain another theory of this 
machine. 

Since the percussion of the weight acts on the pile during 
the whole time the pile is penetrating and sinking in the 
^rtb, by each, blow of the ram, during which time its whole 
fprce is spent ; it is manifest that the effect of the blow is of 
that nature, which requires its force to be estimated by the 
sq«are of the velocity. But the square of the velocity ac- 
quired by the fall of the ram, is as the height it falls from ; 
therefore the force of any blow will be as the height fallen 
Ibrjough. But it is also more or less in proportion to the 
wcdgbt of the ram ; consequently the effect or force of each 
hlow jDiust be directly in the compound ratio of both, viz^ as 
m», where w dmotes the weij^ht, and a the altitude it falU 
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from ; or it will be simply as the altitude a^ when £her weight 
w is constant. 

Again, the force of ihe^ blow is opposed by the mass of the' 
pile, and by the consistence of the earth penetrated by the 
point of the pile, and also by the friction of the earth agaiirfst 
the sides of the pile that have penetrated below the surface* 
Consequently the effect of the blow, or the depth penetrated 
by the pile, will be inversely in the compound ratio of these 
three, viz, inversely as fnify where fit denotes the mass of the? 
pile, t the tenacity oY cohesion of the earth, 2lx\A f the firicj"" 
tton of the surface penetrated in the earth. But, in the 
same soil and with the same pile^ m and t are both constant^ 
in which case the depth of penetration will be inversely only 
as/ the friction. On all accounts then the petietration will 

be as ~ , or simply as -y only, for the same weight and pile 
and soil. 

To determine the depth sunk by the Pile^ at each stroke gf the 

ranu 

After a few strokes, so as to give the pile a little hold iri 
the grouiid, to make it stand firmly, the blows of the ram 
ma}^ be considered as commencing, and causing the pile to 
sink a little at every stroke, by which small successive sink* 
ings of the pile, the space the ram falls through will be suc- 
cessively increased by these small accessions, and the force of 
the successive blows proportionally increased. But these, 
on the other hand, are resisted and opposed by the frictioti 
of the part of the pile which has been sunk before, and which 
also sinks at each stroke ; and as the quantities of these rub- 
bing surfaces increase in a greater ratio to each other, than 
the heights fallen through, that is; the resisting fotces in- 
creasing faster than the impelling forces, it is manifest that 
the depths successively sunk by the blows must gradually 
decrease by little and little every time ; which is also found 
to be quite conformable to experience. Thus then the sue* 
cessive sinkings will proceed gradually diminishing, till they 
bocome so small as to be almost imperceptible. 



TRACT 88. PROBLEMS. ' 319 

.Now it was found abov6 that y is as the penetration by 

any blow of the ram, by the same pile in the same soil, that 
is, as the height fallen directly, and as the resistance or fric- 
tion in the earth inversely. Let d denote any other and greater 
height, by an after stroke, and/' its friction ; ^spp the pe- 
netration by the former blow, and />' that by the latter, which 
must be the smaller: then, by the foregoing principle,, 

. -V: 4r : ip : p' ; hence' a -, d i ijffi p'f\ which is a general 

theorem. 

But now, with respect to the quantity of friction from any 
blow, though it be not known from experiment that the fric- 
tion is ex5«;tly proportional to the rubbing surface, there \% 
great reason to believe that it must be at least very nearly 
so : there is also equal reason to conclude that the effect or 
resistance from that rubbing sm'face must be nearly or ex- 
actly as the length of space it moves over, that is, by the 
penetration of the pile by any blow. Now, if d denote the 
depth of the pile in the ground before any new blow ii6 struck 
by the ram, and b the depth or penetration produced by the 
blow, then the length of the rubbing surface will he d -^ iby 
for, the length of the rubbing surface is only d at the begin- 
ning of the motion, and it is J + fr at the end of it, the me- 
dium of the two, ot d -{- ^i, is therefore the due length of' 
the surface, and the space or depth it moves over is b ; ^here- 
fore the whole resistance from the friction is {d + ib)L If 
d' then denote any other depth of the pile in the earth, and 
V the next penetration, then (d' -f t^')^' will be its friction. 
Substituting now b for p, and b' for p\ also d-^^h for/, and 
dt + i*' for/', in the general theorem aid ::pf: p'f% it be- 
comes aid :-. (rf+|6)6 : (^"+4*')^', for the general relation 
between the heights fallen and the resistance and penetra- 
tion* 

This theorem will very conveniently give the series of ef- 

^fects, or successive sinkings of the piles, by the blows of the 

ram. Thus, after the pile has been properly fixed, or indeed 

driven to any depth in the earth, denoted by d^ thep to give 
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sk blow, the ram falls from the height a + d, an4 thereby 
shiks the pile the space b suppose.; hence, for the next strdkc, 
the fall will be a + rf + 6 = «' in the theorem above, and 
d' + ib'zsi d -{- b + ib\ the next penetration or sinking being 
y ; theref. a + d : a + d -^ b : : {d + ib)b :{d+b + ib')b\ 
a proportion which gives the quadratic equa. b'^+2b\d^b):=i ^ 

•"^'''*"* X i2d + b)b, the root of which is 6' = -{d + b) + 



a + d 



a+rf + 4 



a + d 



X (2d + b)b] =: 



a ■¥ d •\' b rf + J* 



• + (t 



(/+ b 



v[{d^ by- + 

nearly, or indeed = :r-T* nearly, because b is small in com- 
pari son with a + (/. 

Now,, for an example in numbers, suppose a zz 5 feet =: 
€0 inches, J = 10, 6 = 3, that \s a ^ 60 the height of the 
ram above the top of^ the pile before this eDters the gre^nd ; 
d z=i 10, after being fixed in the ground; and b = 5 the 
sinking by the next blow : then -j^Tb^^Ts^ ^ 3=r2'65=:4r 

the 2d stroke. Next, substituting 
J + 6 for r/, and 6' for 6, ttie same 
thsorem gives 2*48 for the next 
sinking, or the next value of b\ 
And so on continually, by which 
means the series of the successive 
corresponding values of the letters 
Avill be as in the margin, the last 
column showing the several suc- 
cessive sinkings of the pile by the 
repeated strokes of the ram. 

Scholium. Thus, then it appears, that the effect of any 
operation of pile-driving may be determined. It is manifest 
also that the greater a is, or the higher the top of the macbioe 
is where the ram falls from, above the top of the pile at first^ 
the greater will be every stroke of tlie ram, and consequently 
the fewer the strokes requisite^to drive the pile to the requi** 
site depth. But then every stroke will take a longer time, 
as the ram will be both longer in falling and longer in rais«* 
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log : so that it may be a question whetfaeTi on the wbo1^> the 
bilsinesft may be efibcted.in the less time by a greater height 
of the machine, or whether there be any limit to the height^ 
so as to produce the greatest effect in a given time. 

To answer this question, let x denote the indeterminate 
height from which any weight w is to fall, % the time of 
raising it after a fall, which time is supposed to be as the 
height X to which it is raised, also w the given time of pro- 
ducing a proposed effect ; then |^v^jr=the time of the weight 
falling ; therefore^ Vjt + ;« = the whole time of one strok^; 

conseq. r-- or -- — — is the number of strokes made in 

the G:iven time w, and hence -^ — — the whole foreeor efa* 

lect in the time m. Now this effect or fraction increases icon* 
tinually as x increases, because the numerator intfreaMs 
&ster than the denominator, since the formef increases as jr, 
while, in the latter, though the one term % increases ad :t*, 
yet the other term */x only increases as the root of x. So 
that, on the whole, it appears that the effect, in any given 
time^ increases more and more as the height is increased; 

PAOBtEM iit 

To determine hm far a nian^ who pushes xffith the force of 
iOOlby van thrust a sponge into a piece of ordnance^ whose (Ak 
umeter is 5 inches, and length \0 feety when the barometer 
stands at SQ inches : the venty or touch- hok^ being stopped-^ and 
the sponge hoMng no windage, that is, fitting the kore yuU^ 
close ? 

A column of quicksilver SO inches high, and 5 in diamieter, 
is 5* >^ 30 X '7854 = 589-05 inches; which^ at 8102 oz 
each inch, weighs 4772*48 oz, or 298"i8lb, which is the 
pressuife of the atmosphere alone, being equal to the elas* 
tieity of the air in its natural state ; to this adding the lOOlb, « 
gives 398'28lb, th6 whole external pressure. Then, as the 
spaces which a quantity of air possesses; under different 
l^ressures, are in the rebiprocal ratio of tbos^ pressures, ilt 

v«t. lit. ir 
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will be, as 39^-28 :298-28 : : 10 feet or 120 inches : 90 inche*^ 
nearly, the space occupied by the air ;^ theref. 120— 90=Sa> 
inches, is the distance sought. 

PROBLEM IV. 

To assign the Cause of the Deflection of Military Projectiles. 

It having been surmized that, in the practice of artillery, ' 
the deflection of the shot in its flight, to the right or left, 
from the line or direction the gon is laid in, chiefly arises 
from the motion of the gun during the time the shot is pass- 
ing oiit of the piece; it it required then to determine what 
space an 18-pounder will recoil or fly Uick,. while the shot is 
passing out of the gun ; supposing its weight to be 48oOlb, 
that of the carriage 24.00lb, the quantity of pawder 8lb, the 
length of the cylinder 108 inches, that of the charge 13 inches, 
and the diameter of the bore 5*13 inches ; supposing also that 
the resistance from the friction between the platform and car- 
riage is equal to 3600lb ? 

It is well known that confined gunpowder, when fired, 
immediately changes in a great measure into an elastic air, 
irhich endeavours to expand in all directions. Now, in the 
question, the action of this fluid is exerted equally on the 
bottom of the bore of the gun and on^Ji^ ball, during the 
passage of the lalter through the cylinder j the two bodies 
.therefore move in opposite directions, with velocities which 
are at all times in the inverse ratio of the quantities of matter 
moved. Now let x be the space through w^hich the gun re- 
coils; then, as the charge occupies 13 inches of the barrel, 
and the semidiameter of the barrel is 2*565, the space moved 
through by the ball when it quits the piece, is 108 — 13 — 
2*565 — jr = 9^*435 — x : and as the elastic fluid expands 
in both directions, the quantity which advances towards the 
muzzle, is to that which retreats from it, as 92'435— j: to jt: 

consequently rs:^ and "ZoP^T^ ^ ^^^ ^^ quantities of the 
powder which move, the former with the gun, and the latter 
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^vith the ball ; besides these, the weight of ball that moves 
forwards being 18lb, and of the weights and resistance back> 
Mfards 4800 + 2400 + 3600 = lOSOOlb, hence the whole 

weights moved in the two directions are 10800 + 55:435 ^^^ 

TO , 92*435-* „ 998298 + 8X , 240S-31 — 8« ., ^ 

numerators of these only. But when the time and moving 
force are given, or th^ same, then the spaces are inversely 
Us the quantities of matter ; therefore x i 92*435 — jt : : 
2403*3 l-»8x : 998293 + 84:, or by composition, x : 92'435 : t 
2403-31 -8x: 1000701-81, and by div. jr: 1 : : 2403;3 1 - Sjt t 
10826, theref. 10826^: = 2403^3 l-8jr, or 10834jr = 2403*3 1» 
and hence i's:'2218 inch=:|- of an inch nearly^ or the recott 
t>f the gun ii less than a quartet of an inch. 

Hence it may be contHided, that so small a 1*600111 straight 
backwards, can have no effect in causing the ball to deviate 
from the pointed line of direction : and that it is very pro<^ 
bable we are to seek for the cause of this eiiect in the ball 
striking or rubbing against the sides of the bore, in its pa»i& 
sage through it, especially near the exit at the muzzle ; by 
which it must happen, that if the ball strike against the right 
side, the ball will deviate to the left; if it strike on the left 
side, it must deviate to the right ; if it strike against the un^ 
^ der side, it must throw the ball Upwards, and make it to range 
farther; but if it strike against the upper side^ it must beat 
the ball downwards^ and cause a shorter range: all which 
irregularities are found to take place, especially in guns that 
have mUcb Windage, or which have the balls too small for 
die bore* 
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FROBLBM T. 

J! Batl cf LeaAy of 4 imhes diameter j being dropped fnyfh 
tk^ top of a' t&wer^ of 65 yards kigh, folk into a cistern fuM of 
water at the bottom of the tower, of 20^ yards deep: it is re- 
quired to determine ike times (^falling, both to the surfaca. 
mnd to the bottom of the watet. 

The fall ia air is 195 feet, ancl in water 60|^ feet. JBy the 
common rules of descent, as • 16 : -v/ 1^5 : : 1** ; ^\/195 = 
5*49 seconds, the time of descending in air. And as y^ J 6 : 
.V19i : : 32 : 8-v/195=zlir71 feet, the velocity at the end 
•f that time, or with which the ball enters the water. 

Again, by prob*22 of toI. 2, art. 2 of the Course, the space 
* =« "S ^ '^yP- ^^- ^ "^i or rather ^ x byp. log. of 
-f^ (the velocity being decreasing, and (^ greater than a)r±. 
Z- K com. log. ^-^ZT^^ where « b 11325 the density of 

fcad, n = 1000 that of water, a = "^f"""V A = -^ , t = 
lll'7l the velocity at entering the water, and v the velocity 
at any time afterwards, also d the diameter of the ball = 4 
inches, and m = ^•Sk)2585 the hyp. log. of 1(X 

Hence then n = 1 1325, n = 1000, n — n = 10325, d = 

4 _ 1 ^1 "ssedCN— n) 256 . 10385 ^^^ , . 

«H 9it 9060 15 1 . , 4, *,*.«* 

«5 = ii = 5o6o5^TM= Ur^^^'y- A'«o ^_ = \nil\ 
-(riberefore » s: 60| =i -^ x log. of ^^ =» 5m x, log. C-^^ 

This theorem will give $ when v is giveiv, and by i^vertift^ 
it will give v in terms of s in the following manner. 

Dividing by 5m gives — = log. of .^-- = tw^ by putting 






« =5 -— ; therefore, the natural number is 10*' = — — ^ 

hence »» - « = :1^, and v = •(a.Cf- fl^)^ which, by 
substitotii^ the numbers abore mentiooed for the letters. 
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gives V ss 17' 134 for the last velocity, wfaeB the space s =s 
60|, or when the kail arrives at the bottom of the water* . 

But now to find the time of passing through the water, 
putting i = any time in motion, and s and v the correspond- 
ing space and velocity, the general theorem for variable forces 

/ 1 

gives ^ = — . But the above general value of 5 being -^ X 

hyp. log. -^~ or 5 x hyp. log. ^~^, therefore its fluxion 

$ = ^ ^ , consequently, ^ or — = y^, the correct iluent 
of which is 4- X hyp, log. (— '^^ x — ^) = t the time, 

which when v = 17M34, pr 5 = 60|, gives 2-6548 seconds, 
for the time of descent through the water. 

PROBLEM VI. 

A person standing at the distance of 10 feet from the bot^ 
fom of a wallf which is supposed perfectly smooth and hard, 
desires to know in what direction he must throw an elastic bq.ll 
against ity with a velocity of SO feet per second^ so that^ after 
reaction from the wall^ it may fall at the greatest distaficepos^ 
siblefrom the botiom^ on the horizontal plane, which is 2ifeet 
beloTi) the hand discharging the ball ? 

Jn the annexed figure let dr ] 

be the wall against which the 
ball is thrown, from the point , S^ 
A, in such a direction, that it / 
shall describe the parib6lic ^ 
curve A£ before striking the wall, and afterwards be so re- 
flected as to describe the curve £9. Nqw if us be the tan* 
gent at the point e, to the curve ae described before the ve^ 
flection, and ef the tangent at the same point to the curve 
which the ball will describe afber reflection, then will the jui<* 
gle RBP be ss CE8 ; and if the curve pe be produced, so as 
to have op for its tangent, it wiU meet AC produced in b» 
making bc s ac, and the curve ae will be simUar and equsd 
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to the portion bb of the parabola bep, but turned the con« 
trarj way. Conceiving either the two curves ae and eb, 
or the continued curve pEP, to be described b}^ a projectile 
in its motion, it is manifest that, whether the greater portioii 

of the curve be described before or after the ball reaches the 

'^ . • ■ ■ ■ , _ .•, ^.. 

wall DR, will depend on its initial velocity, and on the dis- 
tance AC or BC, atid on the angle of projectioiu The pro- 
blem then is now reduced to this, viz, To find the angle aJf, 
which a ball shall be projected from b, with a given impetus, 
so that the distance dp, at which it falls, from the given point 
p, on th^ plane bp, parallel to tl^e horizon, shall be a maxi-r 
mum. 



-s<:ir_c_ 



fiJ^ 




Now this problem may be 
constructed in the following 
manner: From any point e 
in the horizontal line dc, 
let fall the indefinite perp. 
PG, on which set off eb == the 
impetus corresponding to the given velocity, and bt = 2^ 
the distance of the horizontal plane below the point of pro- 
jection; also, through i draw ap parallel to dc. From the 
point B set off bp = be + pi> and bisect the angle ebp by 
the line bh : then will bh be the required direction of the 
jball, and ip the maximum range on the plane a p. 

yor, since the ball moves from the point i, with the velo- 
city acquired by flailing through kb, it is manifest, from p. 
156 vol. 2 of the Math. Course, that dc is the directrix of 
the parabola described by the ball. And since both b and p 
are points in the curve, each of them must, from the nature 
of the parabola, be as far from the focus as it is from the di- 
rectrix ; therefore b and p will be the greatest distance from 
each other when the focus f is directly between them, that 
is, when bp = BE + cp. And when bp is a maximum, since 
Bi is constant, it is obvious that ip is a maximum also. Fur- 
ther, the angle fbh being = ebh, the line bh is a tangent 
to the parabola at the pok)t b, and consequently it is the di- 
rection necessary to give the range ip. 
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Cor. 1. When b coincides with i, ip will be =: bp = be 
+ £1 = 2ei^ and the angle ebh will be 45""; as is also ma- 
nifest from the common modes of investigation. 

Cor, 2. When the impetus corresponding to the initial 
velocity of the ball is very great compared with ac or bc 
(fig. 1), then the part ae of the curve will very nearly coin- 
cide with its taneent^ and the direction and velocity at a may 
be accounted the same as those at £ without any sensible 
error. In this case too the impetus be (fig. 2) will be very 
great compared with bt, arid consequently, b and i nearly 
coinciding, the angle ebh will differ but little from 45*. 

CalcuL From the foregoing construction the calculation 
will be very easy. Thu3, the first velocity being 80 feet i= v, 

then (vol. 2 pa. 1 56 of the Course)^ = ^^^ = 99-48186 

= BE the impetus; hence ei = fp = 101 '98 186, and bp = 
be + EI = 201 '46372. Now, in the right-angled triangle 
bip, the sides bi and bp are known, hence ip = 201*4482, 
and the angle ibp = 89** IT 20^^ : half the suppl. of this angle 
is 45^ 2l'*20" = ebh. And, in fig. 1, ip - id = 201-4482 

— 10 = 191*4482 = DP, the distance the ball falls from the 
wall after reflection. 

PROBLEM VII. 

From what height above the given point a must an elastic 
ball be suffered to descend freely by gravity y so that, after 
striking the hard plane at b, it may be reflected back agamy to 
the point a, in the least tinie possible from the instant ofdrop- 
ping it ? 

Let c be the point required ; and put ac = x, and 
AB=:a; then-}--v/CB=: t^(^ + '^) Js the time in cb, 
and ^\/CA=i\/;r is the time in CA ; therefore 
i>/(a+j:) — T Va? is the time down ab, and the time 
of rising from b to a again : hence the whole time of 
falling through cb and returning to a, is iV{a+ x) ^ " 

— f \/ xjwbich must be a min, or 2 v^(a + jr) — ^x a minimUm, 
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in fluxious '. ^ — --r^ = 0, and hence x c= Aa, that is, 
AC =: -j-AB, gives the point c fallen from. 
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f 

A cylinder of wood is depressed in water till its top is just 
level with the surface, and then is suffered to ascend; it is re- 
quired to determine the greatest altitude to which it will rise, 
and the other circumstances of its motions. 

Let a =r the length, and b the area or base of the cylinder, 
m its specific gravity, that of water being I, also a — x 
any variable height through which the cylinder has ascended, 
or ^ being the part still immersed in the water. Then feristhe 
mass and force of the water upwards to raise the cylinder; 
and a X b X m=i abm is the weight of the cylinder opposing 
its ascent; therefore the motive force to raise the cylinder 
is hx—ahm-^ also, the mass of the cylinder being a6m, and 
that of the displaced water hx, the whole matter in motion is 
hx + abm ; by which dividing the motive force, we have 

te^lfttn ^ 7T^ =/the accelerating force. Then the, well 

known theorem vv = Z2f — x, gives dv •=. 32^.^*"""^ © be- 
am + X 

ing the velocity 5 and the correct fluent is d* = 64 (a — ;r — 
Samx hyp. log.of-— -^)andhencei;==8-v/(«-x-2awixhJ. 

— ) the general state of the velocity when the part x is 

immersed, or when the part a-^ xis out of the water. 

Now wlieri the velocity arrives at its greatest state, by the 
opposite forces bx and abm becomifig equal, then x = am, or 
l:m::a:x, tjiat is, the whole length is to the part immei^ed, 
as the specific gravity of the fluid is to that of the cylinder. And v 
if the latter be equal to half the former, which is nearly the case 
of fir timber, then xzz^a when the velocity is at the greatest. 
And the quantity of the greatest velocity is then equal to 
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7*786 feet per second nearly, taking 10 feet for the length of 
the cylinder. 

After this state, the resistance gradually increasing more 
and more over the urging force, the velocity always decreases 
till it quite ceases, and the body becomes for an instant sta^ 
tionary. In that case the above expression for the velocity 
V becomes equal to 0, which consequently gives a— x = 2am 

X h. 1. ^^ ** for the part out of the water when the motion 

am -^ X * 

ceases. Or if «?» = J as before, and the length of the cy- 
linder be a = 10 feet for instance^ the last equation becomes 

lO - jr= 10 X h.l. -r , and the root of this equation is 

j: = ^ very nearly, or 8t feet of the cylinder is out of the 
water when the upward motion ceases. 

After the cylinder has arrived atits greatest heightBj^, wber^ 
the upward motion ceases, the cylinder descends again to the 
same depth as at first, after which it again returns' ascending 
as before ; and so on, continually playing up and down to 
the same highest and lowesl; points, like the vibrations of ^ 
pendulumi the motion ceasing in both cases in a similar man- 
ner at the extreme points, then returning, it gradually acce- 
lerates till arriving at the middle point, where it is the 
greatest, then gradually retarding all the way to the nea^t 
extremity of the vibration, thus making all the vibrations in 
equal times, to the same extent between the highest and 
lowest points, except that, by the small lenacity and friction 
&c, of the water against the sides of the cylinder, it will be 
gradually and slowly retarded in its motion, and the extent 
of the vibrations decrease till at length the cylinder, like the 
pendulum, come to rest in the middle point of its vibrations, 
. where it naturally floats in its quiescent state, with the part 
am or half its length above the water. 
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PROBLEM IX. 



* ^ ♦ 



Required to determine the quantity of matter in a sphere^ 
the density varying as the nth power of the distance frorn the 

centred 

I, 

Let r denote the radius of the sphere, d the density at its 
surface, a = 3*1416 thearea of a circle whose radius is I, 
and X any distance from the centre. Then ^ar" will be the 
surface of a sphere whose radius is Xy which may be consi^ 
dered by expansion as generating the magnitude of the solid ; 
therefore ^^aap-x will be the fluxion of the magnitude ; but 

•as r* : jf : : rf : — the density at the distance Xy therefore 
^ax^M X ~- = = the fluxion of tiie mass, the fluent 



I • 



of which T — rr-r, when jr =2: r, is j-;-;^, the quantity of the 



n + 3 



(n+S)r» 

inatter in the whole sphere. 

Ciyroh 1. The magnitude of a sphere whose radius is r, 
being ^r^, which call'm ; then the mass or solid content will 



be — x«i, and the mean density is 

n+8, ' -^ 



n+3* 



Corol. 2. It having been computed, from actual experi- 
ments^ that the medium density of the whole mass of the 
earth is about ^ times the density d at the surface. We can 
iiow oetenniniB what is the exponent of the decreasing rsLttt) 
oi t)ie Iddn^ity from the centre to the circumference, sop- 
poking it to decrease by a regular law, viz, as or"; for then it 



3d 



will be ^ d — — T, and hence n = — 4» So that, in this 
case, ^:he law of decrease is as x~^, or as — , that is, in- 

versely as the 4 power of the distance from the centre. 
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PROBLEM X. 

Required to determine where a body^ moving down the cotvoex 
side of a ci/cloid, willfiy off and quit the cui^ve. 

Let AVEB represent the cy- 
cloid, the properties of which 
may be seen at arts. 146 and 147 
vol. 2 of the Course, and vdc its A C^ BC 

generating semicircle. Let e be the point where the motion 
commences, whence it moves along the curve, its velocity 
increasing both on the curve, anJ also in the horizontal di- 
r<?ction dp, till it come to such a point, f suppose, that t,he 
velocity in the latt,er direction is become a constant quan- 
tity, then that will be the point where it will quit the cycloid, 
and afterwards describe a parabola fg, because the horizon- 
tal velocity in the latter curve is always the same constant 
quantity, by art. 76 vol. 2 of the Academy Course. 

Put the diameter vc=:rf, vH=a, vi = x; then VD=Vrf-r, 
'and ID = ^/((/r — x^). Now the velocity in the curve at p, 
in descending down ef, being the same as by falling through 
HI or a:*— fl, will be = 8 \/(.x' — ^i) ; but this velocity in the 
curve at f, is to the horizontal velocity there, as vd to id^ 
because vd is parallel to the curve or to the tangent at f, 

that is ^dx : ^/{dx^x'') : : S^^{x^a) : ^^^^ ^ "^J/^'^"^^ 

which is the horizontal velocity at f, where the body is sup- 
posed to have that velocity a constant quantity; therefore 
also V{x — a) X V{d — .r), as well as (x — «) x ((/ — «r) = 
ax+dx ^ ad— x^ is aconstant quantity, and also ax+dx—x^i 
but the fluxion of a constant quantity is equal to nothing, 
that is ax + Ji— 2rjp=0=flf + ^— 2j:, and hence x=ia + {d 
rtvi, the arithmetical mean between vh and vc. 

If the motion should commence at v, then x or vi would 
^ be = id, and i would be the centre of the semicircle. 



I 

I 



SM MIM8I.LA1IBOIT8 SHAO* W. 




mOBLBM XI. 

If a hdy begin to mave/rom a^ with a given velocity^ along 
tJu quadrant of a circle ab ; it is required to slum at what 
point it will fly off from the curve^ 

Let D denote the point where the 
body quits the circle abd^ and then de- 
scribes the pac^bola de. Draw the or- 
dinate DF, and let OAbe the height pro- 
ducing the velocity at a. Put ga =: a^ 
AC or cp = r, AP = j: ; then the velocity 
in the curve at d will be the same as ^~^ ^^ 

that acquired by falling through op or tf -|- Xy whicb is^ as 
before, %^{a + x) ; but the velocity in the curve is to the 
horizontal velocity as D/t to mn or as CD to cp by similar tri- 
angles, that is, as r : r — j: : : ^^/{x + a) : 8v^(j -f fl) X 

l^^, which is to be a constant quantity where the body 
leaves the circle, therefore also (r -. x)y/(x^- a) and (r — xf 
X {x+a) a constant quantity; the fluxion of which made to 
vanish, gives x = — ^ = Ap. 

Hence, if as:0, or the body only commence motion at a, 
then X ssz-^r, ot af = f ac when it quits the circle at d. But 
if a er OA were =: |r or -{^aC} then r -- 2a = O, and th< b^y 
would instantly quit the circle at the vertex A, and describe 
a parabola circumscribing it, and having the same vertex A« 



PROBLEM XII. 

The force of attraction^ above the earthy being ifwersefy as 
the square of the distance from the centre; it is proposed to de- 
iermine the twrne^ velocity ^ and other circumstances^ attending 
a heavy body falling ftvm any given height; the desamtat the 
earth's surface being l6^feet^or 19S inches, in the first H- 
cond of time. 
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Put 
r =s cs the radius of the earth, 
a ss cA the dist. fallen froin, 
j: :^ cp any variable distance, 
V = the velocity at p, 
/ = time of falling there, and 
g = 16^9 half the veloc. or force at s, 
y = the force at the point p. 

Then we have the three following equations, viz. 

X* : r* : : 1 :/ = -^ the force j* p, when the force of gra- 
vity is considered as 1 ; 
tv =: ^ X, because x decreases ; and 

The fluents of the last equation give 1^ 5= -^J. But when 
jr = fl, the velocity w = ; therefore, by correction, ti* sss 



-2- = 4f£T* X ; or t^ = v'f^- x 

a ° ax ' ^ a 



m-" » 



), a general 
expression for the velocity at any point p. 

When JT 5s r, this gives v = -v/(4^r x -^) for the great. 
est velocity, or the velocity when the body strikes the 
^rth. 

When a is very great in res|>ect 6f r, the last velocity be* 
e^ittes (1 "^ '^) X y-MT very nearly, or hearly s/^r only^ 
Mrhich is accurately the greatest velocity by falling from an 
infihrte height. And this, when r ±z S965 miles, is 6*9506 
mil^s pet second. Also, the velocity acquired in falling frooi . 
due distance of the i^un, ot 12000 diameters of the earth, 
1^ 6*^505 diiYes per i^cond. And the velocity acquired in 
falling from the distance of the iadon, or SO' diameters, is 
6*8927 miles per second. 

Again, to find the time; since tv =^ — tir, therefore 
i == ^ = \/ At- X ■ "^ " ; the correct fluent of which 



4«r« 



gives t sss t^ 



4gr« 



X {x^aT -*- jcjp + arc to diameter a and 



vers, a ^ x)i or the time of falling to any point p 
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rrV' X (^i + 3&p). And when a: = r, this becomes 

/ i= x>/— X ^^j^ for ihe Whole time of falling to the sur^ 

face at k\ which is elvidently infinite when a or ac is infi« 
nite, though the velocity is then only the finite quantitjr 

When the height above the earth's surface is given =z ^5 
because r is then nearly = a, and ad nearly =s di^, the titne 
t for the distance g will be nearly -------- 

'^~r X 2ds = v'^ X \/4^r = 1", as it ought to be. 

If a body, at the distance of the moon at A, fall to th6 
earth's surface at s. Then r r= 3965 miles, a = QOr^ and 
/ =s 416806" = 4 da. 1 9 hi 46^ 46", which is tlie tinoe ctf 
falling from the moon to the earth; 

When th€ attracting body is con^ndered as a point c > the 
whole time of descending to G. will be ------- 

X , a -78540 .a lOa , '7854 , fl* 

Hence, the times employed by bodies, in falling from 
quiescence to the centre of attraction^ are as the square 
roots of the cubes df the heights from which they respect- 
ively falh 

PROBLEM Xnt. 

The force of attraction below the earth^s surface being di* 
rectb/ as the distance from the centre; it, is proposed to deter'' 
mine the circumsta7ices of velocity ^ time^ and space fallen by a 
heavy body from the surface^ through a perforation made 
straight to the centre of the earth; abstracting from the effect 
of the earths rotation^ and supposing it to be a homogeneous 
sphere of 396 ii milesradius. 

Put r = AC the radius of the earthy 
x=: ciP the dist. from the centre^ 
V =r the velocity at p, 
/ = the time there, 
g" = 16 ,V, half the force at A^ 
f sBs the iorce at p* 
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Then ca : cp : : 1 :/; and the three equations Bxer/zz x; 
and w = - 2gfx^ and /t; = - jr. Hence/ = — and vv =s 

— ; — ; the correct fluent of which gives v =: v^(2^ x ■—-) 

=r PDV-- =: PD/— , the velocity at the point ?; where pd 
and CB are perpendicular to ca. So that the velocity at any 
point p, is as the perpendicular Pi> at that poiqt. 

When the body arrives at c, then w = ^2gr^ i^{2g.kcy 
== 25950 feet or 4'914H miles per second^ which is the great* 
est velocity, or that at the centre a 

Again, for the time, / = — = •^ x '-j^^^^ and the 

fluents give t :=z ^~ ^ arc' to cosine ~ = •t^ X arc aix 

So that the time of descent to any point p, is as the corre- 
sponding arc AD. 

When p arrives at c, the above becomes t = 
•— X quadrant AE =^v^^= 1-5708 \/ J = 1267^ se- 
conds = 21' r% for the time of falling to the centre g. 

The time of falling to the centre is the same quantity 
1-5708 •—, from whatever point in the radius AC the body 
begins to move. For let n be any given distance from c at 
ivhich the motion commences: then, by correction, v = 
V[^(^»-^)]; and hence i=: V^x —r^,, the fluents 

of which give t = ^-^ x arc to cosine -^ ; which, when 

^ = 0, gives t = y/—. X quadrant = l-5708\/^ for the 
time of descent to the centre c, the same as before. 

As an equal force, acting in contrary directions, generates 
or destroys an equal quantity of motion, i\\ the same time ; 
it follows that, after passing the centre, the body will just 
ascend to the opposite surface at b, in the same time in 
which it fell to the centre from a ; then from b it will return 
again in the same manner, through c to a ; and so vibrate 
continually between A and b, the velocity being always equal 
at equal distances from c on both sides ; and the whole tim^ 
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of a donble oscillation, or of passing from it and arriving at 
A again, will be quadruple the time of passing over the ra» 

diiM AC, or = 2 x 3-1416/^ = 1^ 24' 29". 



PRdBLEM ilV. 



To find the Time rfa Pendulum vibraiing in the Arccfa 

Cycloid. 




Let s be the point of suspension, 

SA = the arc sb or $€ the length of the pendulum^ 

CA = AB = SB or so the semi-cycloid, 

AD = DS the diameter of its generating circle, to which 
FKB, HiG are perpendiculars. 
To any point o draw the tangent gp, also draw ca parallel 
and PQ perpendicular to ad* Then pg is parallel to the 
chord Ai by the nature of the curve. And, by the nature 
of forces, the force of gravity : force in direct, gp : : gp : 
Ga : : AI : AH : : AD : At ; in like manner, the force of grav. 
: force in curve at e : : ad : axl; that is, the accelerative 
fprce in the curve, is as the corresponding chord ai or ak of 
the circle, or as the arc ag or ae of the cycloid, since ao is 
always == 2ai. So that the process and conclusions for the 
velocity and time of describing any arc in this case, will be 
the same as in the last problem, the nature of the forces be- 
ing the same, viz, as the distance to be passed over to the 
lowest point a. 

From which it follows, that the time of a semi- vibration, 
in all arcsy ag, ae, Su:, is the same constant quantit/ 
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l-5708v/-^ =r 1-5708 v/-^ = 1 •5708-/-^, and the time of a 

^ 2g «ff ^g 

whole vibration from b to c, or froip c to B, i» S'lilSv'^—, 
where / = as = ab is the length of the pendulum, g^l6^ 
feet, or 195 inches, and 3*l4l6 the circumference of a circle 
whose diameter is 1. • 

Since the time of a body's falling by gravity through 4/, 

or half the length of the pendulum, is v^^^, which being in 
proportion to 3*1416\/-^, as 1 to 3*1416; therefore the di-. 
ameter of a circle is to its circumference, as the time of fall-, 
ing through half the length of a pendulum, to the time cf 
one vibration. 

If the tima of the whole vibration be 1 second, this equa- 
tion arises, l" = S-U16^^, and hence / = ^^j^ = psfrs' 
and ^ = 31416* X^ = 4*9348/. So that if one of the;^, g_ 
or /, be given by experiment, these equations will give the 
other. When g", for instance, is supposed to be 16xt fe^t, 
or 193 inches, then is / = r^Tg — 39* 11 the length of a 

pend^ilum to vibrate seconds. Or if / = 39^, the length of 
the seconds pendulum for the latitude of London, then is 
g = 4-9348/ = 493*07 inches = 16^'^^. feet^ or nearly 16^-^ 
feet, for the space descended by gravity in the first second 
of time in the latitude of London, also agreeing wilh ^xperi*^ 
ment. 

. Hence the times of vibration of pendulums, are as the 
square roots of their lengths ; and the number of vibrations 
made in a given time, reciprocally as the squa^-e roots of the. 
lengths. And hence also, the length of a pendulum vibrating 

^« • • . ^^tf • t ^^ 60* 140850 

n times m a minute, or 60 , is / = 39-J- x — = • 

When a pendulum vibrates in a circular arc, as the length 
of the string is constantly the same, the time of vibration will 
be longer than in a cycloi^ ; but the two times will approach 
Dearer together as the circular arc is smaller ; so that when 
it is very small, the times of vibration will be nearly equal. 
And hence 39-|- inches is the length of a pendulum Tibrating 
seconds in the very small arc of a circle. 

VOL. Ill* Z 
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PROBLEM XV. 

To find the Velocity and Time of a heavy Body descending 
down the Arc of a Circk^ or vibrating in the Arc by a Line 
fixed in the Centre. 

Let D be 'the beginning of the descent^ c 
the centre^ and a the lowest point of the cir- 
cle ; draw de and pa perpendicular to ac. 
Then the velocity in p being the same as in 
a by fis^lling through Ea^ it will be t7=:2\/(^ 
X Ea) = S i/{a - x)y when.a = ae, ^ = Aa. 

— Ap , • ri 




But the flux, of the time Hs = , and ap = 



where r=the radius AC. Theref. / = -- x z r 

where d =± 2r the diameter. 

by developing v'(l — -j-) in a series* 

But the fluent of ,. * ^, is — x arc to radius la and 

vers, jr* or it is the arc whose rad. is 1 and vers.' — : which 

call A. And let the fluents of the succeeding terms, without 
the coefficients, be B, c, d, e, &c. Then will the flux, of any 
one, as Q, at n distance from a, be xi = ^*a = xv^ which 
suppose also = the flux, of b? — rfjp* ' »/{ax — jr*) =: ip — 

d{n - l)x4?— V(a-^ - ^)— rf;fx"-» x J^l\^. = 4p- 

Hence, by equating the coefficients oi the like terms, 
d^ J..b = ^-!p-a; and g = ^''" " '^" " ^"'^^"^ " "\ 

Which being substituted, the fluential terms become -^ x 

. . I «A— 2V(a« — a«) 1.3 Sai — 9XA/(at — «•) 

I •• A *" Q*^* "" ■■ 11 w ■■■II <— ■ ' " . ■■■ m I I I I ■.— — ■■» — 
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?.4.6d8 6 ^ ! 

found by art. 32, pa* 238, vol. 3 of the Course. 

But when x = a, those terms become barely t ' .g " 5C 

(•1 -. «- •. &c)i which bemg sub- 

tracted, and s taken = 0, there arises for the whole time 
of descending down DAj or the corrected value of ^ = 

When the arc is small, as in the vibration of the pendu** 
lum of a clock, all the terms of the series may be omitted 
after the second, and then the time of a semi-vibration t is 
nearly = 1^—2! ^:L x (r + ~). And theref. the times of 

vibration of a pendulum^ in different arcs, are as 8r + a, or 
8 times the radius added to the versed sine of the arc. 

If D be the deglrees of the pendulum^s vibration, on each 
side of the lowest point of the small arc, the radius being r, 
the diameter rf, and 3*1416 = p; then is the length .of that 

arc A =7^, = —?. But the versed sine in terms of the arc 

r 

i^« ^ IT --^ + &^ ^ -T - -£- + 8^^- Therefore 

the first term, by rejecting all ,the rest of the terms on ac- 
count of their smallnes^, or -j = ^ nearly =: j^. This 

value then being substituted for 4" or -r*- in the la^t near 

value of the time, it becomes t = — T^y/-^ X (1 + ■ ° ■ ) 
nearly. And* therefore the times of vibration in different 
small arcs, are as 52524 + D^, or as 52524 added to the 
square of the number of degrees in the arc. 

Hedce it follows that the time lost in each second, by vi* 
brating in a circle, instead of the cycloid, is ToIoT' ^"d con* 
sequently the time lost in a whole day of 24 hours, or 24 X 
60 X 60 seconds, is |d^ nearly. In hke manner, the seconds 
lost per day by vibrating in the arc of A degrees, is |A^* 

Z2 
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Therefore, if the pendulum keep true time in one of these 
arcs, the seconds lost or gained per day, by vibrating in the 
Other, will be -f-Cn* — A*). So, for example, if a pendulum 
measure true time in an arc of 3 degrees, it will lose llf se- 
conds a day by vibrating 4 degrees ; and 26f seconds a day 
by vibrating 5 degrees ; and so on. 

And in like manner we might proceed for any other curve^ 
as the ellipse, hyperbola, parabola, &c. 

PROBLEM XVI. 

To determine the Time of a Bodjy descending down the Chord, 

of a Circle. 

Let c be the centre, ab the vertical dia- 
meter, ap any chord down which va body is 
to descend from p to a, and pq perpendicu- 
lar to AB. Now as the natural force of gra- 
vity in the vertical direction ba, is to the 
force urging the body down the plane pa, 
as the length of the plane ap, is to its height aq ; therefore 
the velocity in pa and qa, will be equal at all equal per- 
pendicular distances below pa ; and consequently the 
time in ^a : time in qa : : pa : / ua : : ba : pa ; but 
time in ba : time in oa : : \/ba : v'aA : : ba : pa; 
hence, as three of the terms in each proportion are the same, 
' the fourth terms must be equal, nameiy the time in ba = 
the time, pa. 

And in like manner the time in bp = the time in ba. So 
that, in general, the times of descending down all the chords 
BA, BP, BR, B&, &c, or PA, RA, SA, &c, are all equal, and 
each equal to the time of falling freely through the diame- 

ter. Which ti^ie is y^ — , where g zz ie^\ feet, and r = 

the radius ac; for ^/g ; v^2r : ; 1" : ^^. 

s 

Scholium. By comparing this with the results of the two 

, preceding problems, it will appear that the times in the cy- 
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cloid, and in the arc of a circle, arid in any chord of the cir*- 
cle, are respectively as the three quantities 

1, 1 +-^&c,and:^, • 

or nearly as the three quantities 1,1 + -^, 1 '27324; the 

first and last being constant, but the middle one, or the time 
in the circle, varying with the extent of the arc of vibration. 
Also the time in the cycloid is the least, but in the chord the 
greatest ; for the greatest value of the series, in prob. 15, 
when a =: r, or the arc ad is a quadrant, is 1*18014; arid 
in that case the proportion of the three times is as the num- 
bers 1,H*18014, 1*27324. Moreover the time in the circle 
approaches to that in the cycloid, as the arc decreases, and 
they are very nearly equal when that arc is very smalL 



PROBLEM XVII. 



To find the Time and Velocity of a Chains consisting of very 
small linkSf descending from a smooth horizontal plane; the 
Chain being 100 inches long, and 1 inch of it hanging off* the 
Plane at the commencement of Motion. 

Put a = 1 inch, the length at the beginning ; 
I = 100 the whole length of the chain ^ 
X = any variable length off the plane. 

Then x is the motive force to move the body, 

and 7- =:/theaccelerative force. 

Hence vv = 2gfs = 2g X y X ^ = -^. 

. The fluents give tf = -—-. But t; = when x = a, 

theref. by correction, v* =^2g x — j — ^,and v= Vi^g x-rj— ) 
the velocity for any length jr. And when the chain just 
quits the plain, jr = /, and then the greatest velocity is 

386 X 9999 



ld6'45902 inches, or 16*371585 feet per second. 
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Again / or ~ = ••^ x -77- — ^r ; the correct fluent of 
which is / = v^— x log, ^ ^ "^^ "" — , the time for any 
length X. And when f = Z = lOO, it is ^ = i/— x log. 

y- . — 2*69676 seconds, the time when the last of the 

chain just quits the plane. 

PHOBLEM.XYin. 

To find the Time and Velocity of a Chains of very small 
Links ^ quitting a PuUey^ bj/ passing freely over it: the whoU 
Length being 200 Inches^ and the one End hanging 2 Inches 
below the other at the beginning. 

Put a =: 2, / =r soOy and j: == bd any variable A. 
difference of the two parts ab> ac. Then N^ 

^ = /, and vv or 2gfs = 2^. f . i^ = i^. 

Hence the correct fluent is «;* = 5* x * 7 > ^^^ 

t; = V{g X — r-)> the general expression for the 
Telocity. And when x =i l^ or when c arrives at a, it is 
. = ^(^ X ^')= ^^(193 X !^V V(386xi5^V 
^386x9999 _ 19^.45902 inches, or i6^31\ 6S5 feet for the 
greatest velocity when the chain just quits the pulley. 

• « V • 

Again, / or — = ~ =s V — x — — r. And the cor- 

rect fluent is / = v^ 4" x 'og. *'*'^^'^"°* , the general ex* 
pression for the time. And whep or s /, it becomes / s? 

^^ K log. it^--^' = ^?22 X log. ^*^(^-n ^ 

*^dS5 ^ '^g-' — ^1 — ^ 2*69676 seconds, th^ whole time 
vrhen the chain just quits the pulley. 

go that the velocity and time at quitting the pulley in this 
{HTob* aud the plane ijot the last prob. are the same ; the dis- 
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tance descended 99 being the same in both. For, though the 
weight / moved in this latter case, be double of what it Wat 
iu the former, the moving force o^ is also double, because 
here the one end of the chain shortens as much as the other 
end lengthens, so that the space descended ix is doubled, 

and becomes j:; and hence the accelerative force -r- or /is 

the same in both ; and of course the velocity and time the 
same for the same distance descended. 



PROBLEM XIX. 

To find the Number of Vihraiwns made by two Weights, 
connected by a very fine Thready passing freely over a Tack 
or a Pulley^ while the less Weight. is drawn up to it by the ifc- 
scent of the heavier Weight at the other End. 



A 



Suppose the motion to commence at equal dis-* 
tances below the pulley at b ; and that the weights ^ 
are 1 and 2 pounds. 

Put iZ z: AB, half the length of the thread ; 

b = 39-J^inc. or S^^feet, the second's pend. 
X = BW = BW, any space passed over ; 
z = the number of vibrations. 



u 



W— w 



Then — ^^ ==/ = ^ is the accelerating force. And hence 
V or -/4g/s = V*fiA. and < or -^ = -~p. But, by the 

nature of pendulums, ^(a±x) : v'i : : 1 vibr. : '/-zzr the 
vibrations per second made by either weight, namely, the 
longer or shorter, according as the upper or under sign is 
used, if the threads were to continue of that length for 1 
second. Hence then, as 

the fluxion of the number of vibrations. 

Now when the upper sign + takes pkce, the fluent is 

^ = V^^ ^ J- — :ji ^-Sf ^ ^ — — JT-: — ' 
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« 

And when x ±: a, the same then^ becomes z = V-^. x log, 

1 + ^/2 =;= v^j X log. 1 + i/2 = v/^* X log. 1 + ^/2 = 
'6$S5llf the whole number of vibrations made by the de- 
icendmg weight. 

Bnt when the lower sign, or — , takes place, the fluent Is 
4/ — = arc to rad. 1 and vers. —. Which, when x zz a, 

\ h ,^ ,«x50| 3-1416 .1171- 

gives {p^/^ = 3-1416 X ^'-^zz-^- x v'-^ = 
1 '227091, the whole number of vibrations made by the lesser 
or ascending weight. , 

ScAol. It is evident that the whole number of vibrations, 
in each case, is the same, whatever the length of the thread 
' is. And that the greater number is to the less, as 1*5708 to 
the hyp: log. of 1 + V2. 

Farther, the number of vibrations performed in the same 
time t, by an ipvariable pendulum, constantly of the same 

length a, is •— = -781190. For, the time of descending 
the space'a, or the fluent of / = , when ar s= a, is ^ = 

^/-^ And, by the nature of pendulums, \/a : 4/b : : 1 

JL 

vibr. : ^ — the number of vibrations performed in 1 second ; 

hence l" i t :: v^ - : tV— = 1/— ?» the constant number of 

« ^ sf 

Fibrations. 

So that the three numbers of vibrations, namely, of the 
ascending, constant, and descending pendulums, are propor- 
tional to the numbers 1*5708, 1, and hyp, log. 1 + ^2, or 
,as r5708, 1, and -88137; whatever be the length of the 
thread. 

PROBLEM XX. 

To determine the Circumstances of the Ascent and l)escent 
ofttfin uneqtml (V eights, suspended at the two Ends 0/ a Thread 
passing ever a Pulley: the Weight of the Thread and of the 
Pulley being considered in the Solution. 
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Let7 = the whole length of the thread*; 

a = the weight of the same ; 

b =z AW the dif. of lengths at first; 

«? = w — a; the dif. of the two weights; 

i: = a weight applied to the circumference, 
such as to be equal to its whole wt. and 
friction reduced to the circuiiiference ; 

5 == w+w ^a-]rC the sum of the weights moved. 

Then -the' weight of i is - , and d r- is the moving force 

at first. But if x denote any variable space descended by w, 
or ascended by w^ the difference of the lengths of the thread 
will be altered 2x ; so that the difference will then be 6 — 2jr, 

and its weight -^^a ; conseq. the motive force there will be 

d _ — -— tf = ■ , and theref. ; =5 y the ac- 

celerating force there. Hence then w = 2^i = 2gx x 
— — T — ^; the fluents of which give v^ = 4^;? x """ ' /*" ^ , 

or V = 2-v/^ X ^/(ejr +jr*) the general expression for the 

velocity, putting e = "" . And when;rs=i, or w becomes 
as far below w as it was above it at the beginning, it is barely 
V =z2y/— for the velocity at that time. Also, when a, 
the weight of the thread, is -nothing, the velocity is only 
2V—f as it ought. 

Again, for the time, ^ or — = -i-v^— X -7 —; the' 

fluents of which give / =: a/— x log. ^^ •*" v ^^ the ge- 
neral expression, for the time of descending any space x. 

And if the radicals be expanded in a series,, and the log. 
of it be taken, the same time will become 

3ar« 
40«« 






X (1 - - + i^ &c). 



Which therefore becomes barely \/— when a, the weight of 
the thread, is nothing, as it ought. 
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PROBLEM XXI. 



To find the Velocity and Time of Vibration of a small 
Weight, fixed to the middle of a Line, or fine Thread void of 
Gravity, and stretched by a given Tension, the £xtent of the 
Vibration being very small. 




Let i = AC half the length of the thread ; 

a = CD the extfent of the vibration ; 

^ = CB any variable distance from c ; 

w = wt. of the small body fixed to the middle ; 

w = a wt. which, hung at each end of the thread, will 
be equal to the constant tension at each end, act- 
ing in the direction of the thread. 

Now by the nature of forces, ae : ce : : w the force in 
direction EA : the force in direction ec. Or, because ac is 
nearly = ae, the^ vibration being very small, taking ac in- 
stead pf AE, it is AC : CE : w : Y" ^^^ force in eg arising 
from the tension in ea^ Which will be also the same for 
that in eb. Therefore the sum is -— = the whole motive 
force in eg arising from the tensions on both sides. Conse- 



quently — = / the accelerative force there* Hence the 
equation of the fluxions w or 2gfs = — — — ; and the flus. 
«. _ _ ^^, But when x = a, tlus is - ^, and should 
be = ; theref. the correct fluents are v* = 4tgw x — — — > 



I / 

>«-.«!«. 



and hence v =: \/(^gyr X ^^) the velocity of the little 

body W at any point e. And when x = 0, it is w = ^^"^H 
for the greatest velocity at the point c. 



XBACT 38. 



FROBLSMS. 



341 



Now if we suppose «r; =: 1 grain, w = 5lb troy, or 28800 
grains, and 2/ =? ab r: 3 feet ; the velocity at c becomes 

.8 X I6A X 28800 , . , , , o ^i_ ^ 

a^ \ .- = llllfa. So that 

if a =^'^ inc. the greatest veloc. is 9^ ft* per sec. 
\i azz, 1 inc. the greatest veloc. is 92|i ft. per sec. 
if tf == 6 inc. the greatest veloc. is 555^^ ft. per sec. 

To find the tiiine /, it is ^ oi- — as '^— 2L. x , 7" ^, . 

Hence the correct fluent is / = l^/ — X arc to cosine — and 
radius 1, for the time in db. And i^rhen x zz 0, the whole 
time in dc, or of hajf a vibration, is *7854^— ; andconseq., 

the time of a whole vibration through d^ is 1*5708 v' — . 

Using the foregoing numbers, namely u^ = 1, vr=28a00, 

and 2/ =s 3 feet ; this expression for the time gives jr^^g 

= 353|., the number of vibrations per second. But if a; =2, 
there would be 250 vibrations per second ; and if w s= 100, 
ihere would be 35^^ vibrations per second. 



PROBLEM XXII. 

To determine the same as in the last Probtem, when the 
Distance cd bears some sensible proportion to the Length ab ; 
the Tension of the Thread however being still supposed a 
constant 2ttantitj/. ' 

' Using here the same notation as in the last problem, and 
taking the true variable length as for AC, it is as or eb : CE : : 

the whole motive force from the two 



2w : — = 



Swa 



AE v'C'^-fr «") 



2w 



equal tensions w in ae and eb ; and theref. — x 
/ is the accelerative force at e. Theref. the fluxional equation 



4/t^ + a*) 



* * 4w£r 

is w or 2gfs = — - X 



— XX 



/ //. o^l and the fluents t;» = i^ 



— \/(^* + ^% But when x zz a, these are = ^ x — 



^(l*^ + a*) t therefore the correct fluents are v^ =: 



— ^^ 
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[v/{/* + «*) - x/(l* + X*)] (= -i JL X (AD- ae}. And 

heAce V s •[ — - x (ad — ae)] the general expression for 
the velocity at B, And when e arrives at c, it gives the 
greatest velocity there = v/[-~^ x (ad — Ac)]. Which, 
when w = 28800, w zz 1, 2/ = 3 feet, and cd = 6 inches 
or i a foot, is ^(S x 28800 x 16/^ x —^) = 5^Si feet 
per second. Which came out 555/^ in the last problem, by 
using always Ac for ae in the value of/. But when the ex- 
tent of the vibrations is very small, as /^ of an inch, as it 
commonly is, this greatest velocity here will be <v/8 x 28800 
X 16iV X TrJ^yr = ^i nearly, which in the last problem 
was 9,?y nearly. 

To find the time, it is / or — = .y/ 






making c ="ad = \/(/*+fl*). To find the fluent the easier, 
multiply the numer. and denom. both by \/ [c + ^{P + ^*)] , 

so shall / = V-^ X -j^^irr;^ x ^^\p + v^(^* + ^)]- 

Expand now the quantity *y\c ^ •(/* + .«*)] in a series, 
and put rf = € + /, so shall t = -/„— x ^r^ ^ A\ + t-J: — 

the fluent of the first term ■ ,, f ■ is =: the arc to sine T" 

and radius 1, which arc call a; and let p, a, be the fluents of 
any other two successive terms, without the coefficients, the 
distance of a from the , first term A being n ; then it is evi- 
dent that Q zr x^v =: .i^'A, and p = ar*""*A. Assume theref. 
Q = ip — e^"' V(a* - 'x^)\ then is a or x^y = ip - (2n — 1) 

tx*^ *jf \/(a* '— ;r*) ^ -— ^ ^ bv r- 



tfjr*p = Ap — (2w — l)€a*p 4- 2/i^:r*p. Then, comparing the 
coefficients of the like terms, we find 1 = 2fn, and h = 

1 271— 1 

(2»— l)ea* ; from which are obtained ^=0-, and h = -jj-^*^ 
Consequently a ss ■ ^ . ^ ^ , . ^^ ^ the general 
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equation between any two successive terms, and by means of 
which the series may be continued as far as we please. And 
hence, neglecting the coefficients, putting A = the first term, 

namely, the arc whose sine is — , and b, c, d, &c, the follow- 
ing terms, the series is as follows, a + 



r — ^. 



+ 



8a»B-^^(a^-.^) ^ 5a«c - x^^(a- -.-) g^^ NoW whcU X = 0, 

4 6 

this series = ; aii4 when x =z a, the series becomes ^p + 

&C, where p = 3- 1416, or the series is 

1.3 ■ . 1.3.5 



a«A 3««B , 5a*c 



iP(^ +i«*+ ^fl* + 



2.4 



2.4.6 



a^ &C.) 




So that, by taking in the coefficients, the general time of 
passing over any distance de will be 

^-Lr^iP^ (^+i^--i^— 325^3 -2^4^^^'^ *^'^^^"- 
X 1 fl«A— jV(g^-J') ^ 2d + Z 3aaB—x3y (««—««) 

2 



+ 



&C. 



4di " 2 • 32rf»/3 -4 

And hence, taking x = 0, and doubling, the time of a 
whole vibration, or double the time of passing over cd will 



be equal to ip\^-^ x (1 + ^ . ia* - 



2w^ 



32d«/3 



2.4 



'fl^ 



4<f + 2itf+ft 1.3.5 
128d3£* '2.4.6' 



or - 



40d3 + UH + 12rfZ« + 5/3 1.3.-5.7 



2048rf^^ 



2.4.6.8 

Which, when fli = 0, or c = /, becomes only ^p^ 



f^ Sec.) 



yrg 



the 



same as in the last problem, as it ought. 

Taking here the same numbers as in the last pcoblem, 
vi^, / = 4, a = i, a; = 2, w = 28800, g = IS^V ; then 
^p^'ikjLL^ = 0040514, and the series is 1 + -006762 - 
•000175 4- '000003 &c = 1*006590; therefore *OOi>05l4f x 
1*006590 = -0040965 =-srrr 's th^ time of one whole vi- 
bration, and consequently 245f vibrations are performed in 
a second ; whidh were 250 in the last problem. 
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PROBLEM XXIII. 

It is proposed to determine the Velocity^ and the Time of Vi- 
bration, of a Fluid in the Arms of a Canal or bent Tube, 

Let the tube abcdbf have its two ^ 
branches ac, oe vertical, and the lower ^ 
part CDE in any position whatever, the , 
whole being of a uniform diameter or 
width throughout. Let water, or quick- \V_^>^ 
silver, or any other fluid, be poured in, ^^ — 

till it stand in equilibrio, at any hori- 
zontal line BF, Then let one surface be pressed or pushed 
down by shaking, from b to c, and the other will ascend 
through the equal space fo ; after which let them be per- 
mitted freely to return. The surfaces will then continually 
vibrate in equal times between ac and kg. The velocity and 
times of which oscillations are therefore required. 

When the surfaces are any where but of a horizontal line, 
as at p and q, the parts of the fluid in qdr, on each side, 
below UR, will balance each other ; and the weight of the 
part in pr, which is equal to 2pf, gives motion to the whole. 
So that the weight of the part 2pf is the motive force by 

which the whole fluid is urged, and therefore ^^-^-^ — ^ is the 

° ^ whole wt. 

accelerative force. Which weights being proportional to 
their lengths, if / be the length of the whole fluid, or axis of 
the tube filled, and a = fg or bc ; then is -—- the accelera- 
tive force. Putting theref. a:=:GP any variable distance, v the 
velocity, and t the time ; then pf = a — a:, and — j— = f 

' "'^ • Air 

the- accelerative force ; hence w or 2gfs = —- {ax — xx) ; 

the fluents of which give v* = '^{2ax — x*), and t> = 

^{^g X ^^^^ — ) is the general expression for the velocity 

at any term. And when x = a, it becomes v = 2a^ -y- for 
the greatest velocity at Band f. 
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Again, for the time, we have t or — =i>/ — x 



the fluents of which give ^ = J \/ — X arc to versed sine — 
and radius i, the general expression for the time. And 
when 2* = a, it becomes t = ^p^ — for the time of moving 

from G to Tf p being = 3* 1416 ; and consequently 4p\/ — 

the time of a whole vibration from o to e, or from c to A. 
And which therefore is the same, whatever ab is, the whole 
length / remaining the same. > 

And the time of vibration is also equal to the time of the 
vibration of a pendulum whose length is 4^, or half the length 
of the axis of the fluid. So that, if the length / be 785. inches^ 
it will oscillate in 1 second. 

Scholium. This reciprocation of the water in the canal, is 
nearly similar to the motion of the waves of the sea. For 
the time of vibration is the same, however short the branches 
are, provided the whole length be the same. So that when 
the height is small, in proportion to the length of the canal, 
the motion is similar to that of a wave, from the top to the 
bottom or hollow, and from the bottom to the top of the 
next wave; being equal to two vibrations of the canal; the 
whole length of a wave, from top to top, being double the 
length of the canal. Hence the wave will move forward by 
a space nearly equal to its breadth, in the time of two vibra* 
tions of a pendulum whose length is (il) half the length of 
the canal, or one-fourth of the breadth of a wave, or in the 
time of one vibration of a pendulum whose length is the 
whole breadth of the wave, since the times of vibration are 
as the square roots of their lengths. Consequently, waves 
whose breadth is equal to 39-g- inches, or 3f| feet, will move 
over 3|4fcc^ i" ^ second, or 195^^ feet in a miniate, or nearly 
2 miles and a quarter in an hour. And the velocity of greater 
or less waves will be increased or diminished in the subdu- 
plicate ratio of their breadths. 
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Thus, for instance, for a wave of 18 inches breadth, as 
^391 : 3&|: : -/IS : ^"{39^ x 18) = i^/SlS = 26-637T 
the velocity of the wave of 18 inches breadth. 



PROBLEM XXIV. 

To assign the Velocity with which Water, or other Fluids^ 

spouts out from the bottom of a FesseL 

The velocity with which water runs out by a hole in the 
bottom or side of a vessel, is equal to that which is generated 
by gravity through the height of the fluid above the hole ; 
that is, the velocity of a heavy body acquired by falling 
freely through the height ab. 

For, divide the altitude ab into a great /^ j. ,___ 

number of very small parts, each being 1, 
their number a, or a = the altitude ab. 

Now, by prop. 61, voL 2 of the Course, 
the pressure of the fluid against the hole b, 
by which the motion is generated, is equal 
to the weight of the column of fluid above it, that is the co- 
lumn whose height is ab or a, and base the area of the hole 
B. Therefore the pressure on the hole, or small part of the 
fluid 1, is to its weight, or the natural force of gravity, as a 
to 1. But tl^e velocities generated in the same body in any 
time, are as those forces ; and because gravity generates the - 
velocity 2 in descending through the small space 1 , therefore 
I : a : : 2 : 2a, the velocity generated by the pressure of the 
column of fluid in the same time. But 2a is also the velocity 
generated by gravity in descending through a or ab. That 
is^ the velocity of the issuing water, is equal to that which is 
acquired by a body in falling through the height ab. 

The same otherwise. 

Because the momenta, or quantities of motion, generated 
in two given bodies, by the same force, acting during the 




I 
J 
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same or an equal time, are equal. And as the force in this 
case, is the weight of the superincumbent column of the 
fluid over the hole. Let the one body to be moved, be that 
column itself, expressed by ah, where a denotes the altitude 
AB, and h the area of the hole ; and the other body is the 
column of the fluid that runs out uniformly in one second 
suppose, with the tniddle or medium velocity of that interval 
of time, which is ^hv, if v be the whole velocity required. 
Then the masii Ihv, with the velocity v, gives the quantity 
of motion* ^fiv X v, or iAv*, generated in 1 second, in the 
spouting water : also 2g or 32-| feet, is the velocity gene- 
rated in the masstfA, during the same interval of one second; 
Consequently ah x 2gy or ^ahgy is the motion generated in 
the column ah in the same time of one second. But as 
these two momenta must be equal, this gives ^hv^ = 2ahg ; 
hence then v*=s4a^, and » = 2-v/fl^, for the value of the 
Telocity sought ; which therefore is exactly the same as the 
velocity generated by the gravity in falling through the 
space a, or the whole height of the fluid* 

For example, if the fluid were atr, of the whole height of 
the atmosphere, supposed uniform, which is about 5^ miles, 
or 27720 feet = a. Then 2Vag = 2^/27720 X 16^?^ == 
1335 feet = v the velocity, that is, the velocity with which 
common air would rush into a vacuum. 

Carol. 1. The velocity, and quantity run out, at different 
depths, are as the square roots of the depths. For the velo- 
city acquired in falling through ab, is as a/ab. 

CoroL 2. The fluid spouts out with the same velocity, 
whether it be downward or upward, or sideways ; because 
the pressure of fluids is the same in all directions, at the 
same depth. And therefore, if an ac^utage be turned up- 
ward, the jet will ascend to the height of the surface of the 
water in the vessel. And this is confirmed by experience, 
by which it is found tiiat jets really ascend nearly to the 
height of the reservoir, abating a small quantity only, for the 

VOL. III. AA 
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friction against the sides, and some resistance, from the air 
and from the oblique motion of the fluid in the hole. 

CoroL 3. The quantity run out in any time, is equal to a 
column or prism, whose base is the area of the hole, and its 
length the space described in that time by the velocity ac- 
quired by falling through the altitude of the fluid. And the 
quantity is the same, whatever be the figure of the orifice, if 
it is of the same area. 

Therefore, if ^ denote the altitude of the fluid, 
and h the area of the orifice, 
also^ == IGt-V feet, or 193 inches; 
then ^ihy/ag will be the quantity of water discharged in ^ 
second of time ; or nearly S^^A-v/a cubic feet, when a and h 
iure taken in feet. 

So, for example, if the height a be 25 inches, and the 
orifice A = 1 square inch ; then 2hy/ag = 2^25 x 193 = 
139 cubic inches, which is the quantity that would be di3- 
charged per second. 

SCHOUUM4 . , 

When the orifice is in the side of the vessel, then the ve- 
locity is different in the different parts of the hole, being less 
in the upper parts of it than in the lower. However, when 
the hole is but small, the difl^erence is inconsiderable, and the 
altitude may be estimated from the centre of the hole, to ob- 
tain the mean velocity. But when the orifice is pretty large, 
then the mean velocity is to be more accurately computed 
by other principles, given in the next problem. . 

It is not to be expected that experiments, on the quantity 
of water run out, will exactly~ag4*ee with this theory, as well 
on account of the resistance of the air, «s the resistance of 
the water against the sides iii the orifice, and the oblique 
motion of the particles of the water on entering it. For, it 
is not merely the paf tides situated immediately in the column 
over the hole, which enter it and issue forth, as if that column 
only were in motion ; but also particles from all the sur* 
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rounding parts of the fluid, vhich h in comni6tiori quite 
around ; and the particles thus entering the hole in all direc- 
tions, strike against each other, and impede one another's 
motion : from which it happens, that it is the particles in the 
centre of the hole only that issue out with the whole velo- 
city due to the entire height of the fluid, while the other 
particles towards the sid© of the orlBce pass out with de* 
creased velocities ; and hence the medium velocity through 
the orifice, is someivhat less than that of a single body only, 
urged with the same pressure of the superincumbent column 
of the fluid. And experiments, on the quantity of water 
discharged through apertures, show that the quantity must 
be diminished, by those causes, rather more than the fourth 
part, when the orifice is small, or such as to make the mean 
velocity nearly equal to that in a body falling through half 
the height of the fluid above the orifice. 

Experiments have also been made on the extent to which 
the spout of water ranges on a horizontal plane, and com- 
pared with the theory, by calculating it as a projectile di^ 
charged with the velocity acquired by descending through 
the height of the fluid, For, when the aperture is in the 
side of the vessel, the fluid spouts out horizontally with a 
uniform velocity, Vhich, combined with the perpendicular 
velocity from the action of gravity, causes the jet to form 
the curve of a parabola. Then the 

distances to which the jet spouts on ... lA^^tp* ■ 

the horizontal plane bg, are as the " >-^^^^^ 

roots of the rectangles of the se^' . /^ m^^^m 
ments AC . cb, ad . db, ab . eb. For J^^^"'"''^^/^^ 

the ranges bf, bq, are as the times //^^^^^^'^^^''"'^PBPR 
and horizontal velocities j but the ?e- g"T ]i^* 

locityisas Vacj and the time of the 

fall, which is the same as the time of moving, is as v''cb ; 
therefor^ the distance bp is as ^(ac . c6) ; and the distance 
BG as ^(ad . db). Atid hence, if two holes be made equi- 
distant from the top and bottom, they will project the water 
to the same distance; for if ac = bb, then the rectangle 
AA2 



MC . G» is equal the rectangle ab . bb: which makes bf the 
tame for both. Or, if on the diameter ab- a semicircle he 
described -, then, because the squares of the ordinates ca^ 
ply EK are equal to the rectangles ac • cb, &c ; therefore the 
distances bf, bo- are as the ordinates CH, 0X. And hence 
also it follows that the projection from the middle point j> 
will be farthest. Cor di is the greatest ordinate. 

These are the proportions of the distances : but for the 
absolute di^tances^ it will be thus. The velocity throughr 
any hole c, is such as will carry the water horizontally 
through a space equal to 2ac in the time of falling through 
AC: but, after quitting the hole, it describes a parabola, and 
comes to f in the time a body will fall through cb ; and to 
find this distance, since the times are as the roots of the 
spaces, therefore t/AC : -v/cb : : 2ac : 2^(ac . cb) = 2ch = 
BF, the space ranged on the horizontal plane. And th& 
greatest range bg = 2di, or 2ad> or equal to ab; 

And as these ranges answer very exactly to the experi- 
naents, this confirms the theory, as to the velocity assigned* 

PBOdLBM XXIV. 

To assign the Time of emptying a Vessel of Watery or other 
Fluid, through a Hole in the Bottom, as acbe. 

Put A =5 ab the first height of the fluid 
above the bole; 

;r = db the variable altitude atan y 
time.; 

a = the area of the orifice b ; 

a' •== the area of the descending sur- 
face CE« 

V 

Now the velocity pf any issuing uniform fluid, beitig the 
same as that aqquired by a body in falling through the height 
DB of. the dQuid, whiph is as the square-root of the height ; and 
^2, being the velocity acquired in falling through the space 




16 foet; therefore v'le : 32 : : v'db or ^x : SV^ the ve* 
r Jocity of falling through db, or of the issuing fluid at B ; and 
^a-v/x the quantity issuing in 1 second; or rather, reducing 
tthis by '|., then 4:3:: Sa^/x :6ay/a: for the quantity issuing 
per second^ allowing ^ for the contraction of the stream. 
But the content of the space descended by the surface CE, 
is always equal to. what issues by the orifice at b; therefore , 
the velocities at b and of the descending section cE, are aU 

ways reciprocally proportional, that is, a! ; a : : 6^/^ : --t^ 

the velocity , per second, of the descending section. Now, 
in descending the space jr, the velocity may be considered 
As uniform^ and uniform descents, or uniformly described 

spaces, are as their times ; therefore ^^^ : x : : i^ : ——-z — 

=: /, the time of descending x space^ or the fluxion of ttic 
lime of exhausting. 

As to the fluent of this fluxion^ it ^ill be various, accord- 
ing to the figure of the vessel. If this be a prism of any 
kind whatever, the quantity «', or the section <;e, will be 
always the same constant quantity; and then the fluent will 

be "|-\/^ ^= t the time of exhaiisting the prism, whose base 

is ciy and altitude x. 

, But, for any other figure, the quantity a\ or ce^ will be a 
variable quantity^ and will alter the form of the fluent, ac- 
cording to the nature of the figure. So, if the vessel be a 
paraboloid for example, the nature of which is such, that 
the different sections are proportional to their distances from 
the vertex of the curve ; that is, as ba i i the section at a : ; 

BD : CE, or as A : i : : r : -— = a", the value of a!\ wliicli be- 

ing Substituted for it in the general value of /, it becomes 

t = -—i; the whole fluent of which is -—-, for the tipae of 

t]he complete exhausting of the vessel acb£ at the vertex 
4ownwards« 

But if the vertex were upwards, the fluxion ^f the time 

would be / = ~ X T-T» the wJhole Quent of which would 
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be ^ = ~^« ^^^ ^^c ^io'i^ of exhausting tbe paraboloid at 
the base, or the vertex upwards. Hence it may be obseryed^ 
that this latter time is just double the forpier, when the ver- 
te^c was downwards ; also that this last, with the vQrtesf dpwnr 
wards, is but the ^ part of the time for the prism of equal 
base and altitude first above found ; or that the three times 
are in proportion respectively as the three numbers 3, 2, 1, 
having all the same base and altitude; also that all their times 
arQ proportional to the base and root of the altitude directly, 
and as the orifice inversely. ' 

Tbe times for many other figures may be seen jn |;he first 
article in my Mathismatical Miscellany. 

In the above investigation, the resistance made by the air 
to the issuing fluid, is neglected, the issue being supposed to 
be made in a vacuum. But the di0erence of effect ou^ht 
not to be neglected, when the density of the medium bears 
any considerable proportion to that of the issuing fluid. It 
will make no difference in the account, in whatever part of 
the base the aperture is placed, the altitude of the surface 
above it being tbe only consideration. Nor is it material 
what the figure of it is; whether'circular, square, triangular, 
&p, or regular or not ; its ajrea alone being the oif ly neces- 
sary consideration. 

raOBLBM XXV. 

To determine the Issue of a Fluid through a Notch at the Top 

of a Vessel, 

If a notch or slit eh in form of a parallelogram, be cut in 
the side of a vessel, full of water, ad ; the quantity of water 
flowing through it, will be f of the quantity flowing through 
an equal orifice, placed at the whole depth eg, or at tbe base 
GH, in the same time ; it being supposed that the vessel is 
always kept full. 



/ .. 
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For, the Telocity at gh is to the velo- 
city at iL, as v'EG to v'Ei j tliat is, as 
OH or IL to IK, the ordinate of a para- 
bola EKH, whose axis is bo. Therefore , 
the Slim of the velocities at all the pdiiits 
I, is tu as tnany times tlie velocity at G, 
as the sum of all the ordinates ik, to the 
sum of all the il's ; namely, as tlie area of the parabola BQH, 
is to the area eghp; that is, the c|U!intity running through 
the notch kh, is to the quantity running through 'an equal 
horizontal area placed ut CH, as eghke, to eohf, or as 2 to 

3 ; the area of a parubolu being f of iLi circumscribing pa- 
rallelogram. 

Corel. I, The mean velocity of the water in the noicti, Is 

equal to 4 of that at gh. 

Carol. 2. The quantity flowing through the hole ighl, is 

to that which woula flow through an equal orilice placed aa 

low as GH, as the parabolic frustum ighk, is to the rectangle 

IGHL. As appears from the demonstration. 



' moBLEM xxvr. 

To determine ike Time of filling the Ditches of a Work with 
Water at the Top, by a Sluice of 2 Feet square ; the Head 
gf Water above the Sluice being 10 Feet, and the Dimensvms 
of the Ditch being 20 Feet wide at Bottom, 22 at Top, 9 
deep, and 1000 Feet long. 

The capacity of the ditch is 189000 cubic feet. 

But ■v'16 : v'lO:: 32 : S^^IO the velocity of the water 
through the sluice, the area of which is 4 square feet ;' there- 
fore 32^/10 is the quantity per second running thi-ough it ; 
or 24 VIO only when reduced | for the contriiction of the 
stream; consequently 24v'IO : 189000 : : 1" : -^ = 2490" 
or 41' 10" nearly, is the time of filling the ditch. 



J60 MISCELLANBOUS TEACT SSr 



PROBLEM XXVII. 

« 

To determine the Time of emptying a Vessel of Water by a 
Sluice in the Bottom qfity or in the Side near the Bottom^ 
the Height of the Jperture being very small in respect of 
the Altitude of the Fluid. 

put a = the area of the aperture or sluice \ 
, d = the whole depth of water ; . 
X = the variable alt, of the surface above the aperture; 
a' = the area of the surface of the water. 

Then ^16 : Vx : : 32 : 8\/^ the velocity with which the 
fluid will issup at the sluice ; and hence a' : a ; : 8 v'x : -^^ 
the velocity with which the surface of the water will descend 
jat the altitude x, or the space it w^puld descend in 1 second 
with the velocity there, or it is only ^^ when reduced ^ for 
the contraction of the stream. Now in descending the space 
pe, the velocity may be considered as uniform ; and uniform 
descents ara as their times; therefore — ^ : ^ : : l" : g-^^S 
the time of descending i space, or the fluxion of the time of 
exhausting. That is, t = g^. 

Now, when the nature or figure of the vessel is given, 
there will be given a' in terms of a:; which value of a' being 
substituted into this fluxion of the time, the fluent of the re- 
sult will be the time of exhausting sought. 

So if, for example, the vessel be any prism, or every 
where of the sameT breadth ; then a' is a constant quantity, 
and therefore the fluent is — -^V^' ^^^^ v/hen 4? = rf, this 

becomes— — v'rfj and should be 0; therefore the correct 



3a 



a' 



fluent is ^*= — X {Vd — s/x) for the time of the surface 
desceixding till the depth of the water be x. And when 
vr = 0, the whole time of exhausting is barely -^s/d^ 

And hence if a' be lOOjJO square feet, azz I square foot, 
and d ss 10 feet; the time is 104^40 seconds, or 2^ $5' 40". 
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Again^ if the vessel be a ditch, 6r canal, of 20 feet broad 
at the bottom, 22 at the top, 9 deep, and 1000 feet long; 

then is 90 : 90 + j: : : 20 : — ~- x 20 the breadth of the 

surface of the wat^r when its depth in the canal is x ; and 

1 90 4* X 

. itherefore a = x 20000 is the surface at that time. Con* 

yu 

sequently t or z — r = J 0000 x -t-—- x r — r- is the fluxion 
of the time ; the correct fluent of which, when x = 0, is 

10000 180 + |rf ; , 10000 X 186 X 3 ^,^^^// i 

"1~ f ---95^ ^ ^^ =• 9^T— = 20666 nearly, or 

>5** 4^' 26", the whole time of exhausting by a sluice of 1 foot 
^(juare^ 

• > 

PROBLEM XXVIII. 

To determine the Time ef tmf tying any Ditch ^ or Inundation^ 
Kcy by a Cut or Notch ^ from the Top to the Bottom of it. 

Let j;* = AB, the variable height of the descend*-' 
ing water at any time; 
i = AC, the breadth of the cut ; 
d = the whole or first depth .of water ; 
A == the area of the surface of the water in the 

ditch ; 
g gc 16tz feet, the descent by gravity in l". 
Now, the velocity at any point d, is as \/ bd, that is as 
the ordinate de of a parabola beg, whose base is, Ac, and al- 
titude ab. Therefore the velocities at all the points in ab, 
are as all the ordinates of the parabola. Consequently, the 
quantity of water running through the cut abgc, in any 
time, is to the quantity which would run through an equal 
aperture placed all at the bottom, in the same time, as the 
area of the parabola abc, to the area of the parallelogram 
abgc, that is, as 2 to 3. 

But t/g : »/x ;i 2g\ 2V^J, the velocity at AC ; there- 
fore ^*^gx X i^ X I =? f hx*^gjc is the quantity discharged 

per second through Abgc; and consequently — i^iff is the 
velocity per second of the descending surface. Hence tiiea 
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l" • ^7 = ', the fluxion of the tkne of de- 



ax • ^Sx^gm 

scending. 

Now when a the surface of the water h constant, or the 
ditch is equally broad throughout, the correct fluent of this 

fluxion gives t = -^^ x J^' for the general time of sink- 
ing the surface to any depth jr. And when r = 0, this ex- 
pression is infinite ; which shows that the time of a complete 
exhaustion is infinite. 

But if rf = 9 feet, A = 2 feet, i = 21 X lOOa = 21000, 
and it be required to exhaust the water down to ^'^ of a foot 
deep ; then x = <^, and the above expression becomes 

^ , . X -^ = 14400", or just 4 hours for that time. 

And if, it be required to depress it 8 feet, or till 1 foot depth 
of water'rematn in the ditch, the time of sinking the water 
to that point'will be 43' 3a"l 

Again, if the ditch be the same depth and length as before, 
but 20 feet broad at bottom, and 22 at top ; then the de- 
scending surface will be a variable quantity, and, by prob. 

27, it will be -— — x 20000 ; hence in this case the flux, of 

^1 ^. — 3Ai , —600 90 + X . ^, 

the time, or -7 — —-, becomes 777—7- x — 7- * 9 the correct 

fluent of which is i = -7-7- x (— ^ ~) for the time of 

linking the water to any depth x. 

Now when j; n 0, this expression for the complete ex- 
liaustion becomes infinite. 

But if . . a: = 1 foot, the time t is 42' b^*'\. 

And when ^ = 1^ foot, the time is 3^ 30' 28"^. 



PROBLEXr XXIX. 



To ^iermine the Time offiUing the Ditches of a Fortification 
6 Feet deep with Water y ihrough the Sluice of a Ti-unk of 
S Feet Square, the Bottom of which is level with the Bottom 
of the Ditch f and the Height of the supplj/ipg Water is 9 

, Feet above the Bottom of the Ditch. 



Let ACDB represent the area of the vertical sluice, being 
a square, of 9 square feet, and ab level with the bottom of 
the ditch.. And suppose the ditch filled to any height ak, 
the surface beii^g then at ef* 

Put fl = 9 the height of the head or supply ; 
A = 3 = AB=Ac; G 



A = the area of a horizontal section of ^ 



H 

D 

F 



the ditches ; ^^ b 

X = a — AE, the height of the head 

above ef. 
Then ^g \ »^ x \\2g \ 2 a/ gx the velocity with which the 
water presses through the part aefb ; and theref. 2^^gxx 
AEFB = 2h^gx {a — x) is the quantity per second running 
through AEFB. Also, the quantity running per second 
through ECDF is 2'ygx x -J^ecdf =: ^hi^gx{h — a + :r) 
nearly. For the real quantity is, by proceeding as in the last 
prob. the difference between two parab. segs. the alt. of the 
one being Xy its base ^, and the alt. of the other a — 6 ; and 
tbef medium of that dif. between its greatest state at ab, 
nvhere it is -^Kiy^ and its least state at cd, where it is O, is 
nearly t4b^* Consequently the sum of the two, or \h»^ gx 
(a + Wh -^ x^ is the quantity per second running in by the 

wrhole sluice acdb. Hence then \b*/gx x ^ ^^ =: v is 

the rate or velocity per second with whi<^h the water rises in 



k —6a 



X "m 



the ditches ; and so v : ^x : : l" : / = — — = -r— - x 

the fluxion of the time of. filling to any height ae, putting 
r = a + llJ. 

Now when the ditches are of equal width throughout, a 
is a constant quantity, and in that case a correct fluent of 

this fluxion is / = t-^- x log. {p^lLa^ x "^^"^^ ^*^e genc- 
ral expression for the time of filling to any height ab, or 
a -^ 4^, not exceeding the height ac of the sluice. And 
when xz:Ac=a — 6 = <f suppose, jhen / = —" X log. 
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{^iL±^ ,1^.ZJ^) is the time of filling to cD the top of the 

sluice. 

Again, for filling to any height gh above the sluice, x de- 
noting as before a — AG the height of the head above oh, 
Qy/gx will be the velocity of the water through the whole 
sluice ad: and therefore 2b^*ygx the quantity per second, 

and — ^^ = V the rise per second of the water in the ditches; 

• • • 

consequently v : — i : : l" : / = — — =5^-7 X -y- the gene- 
ral fluxion of the time ; the correct fluent of which, being 
O when x = a — J = </, is / = —— ( ^/rf — ^) the time of 

filling from cd to gh. 

Then the sum of the two times, namely, that of filling 

from AB to ci>, and that of filling from cd to gh, it 

*_ ^v«pA ^6 I (riAW? , ^^) ] for the whole 

time required. And, using the numbers in the prob., this 
becomes -^ r^~ ^^ + -^ i^ 1 ^ ^^ "" ^ ^ ^^^-^^ . -. _ 

O'035772'77a, the time in terms of a the area of the length 
and breadth, orvhorizontal section of the ditches. And if ^^ 
suppose that area to be £00000 square feet, the time re- 
^juired will be 7154", or 1** 59' 14". 

And .if the sides of the ditch' slope a little^ so as to be a 
little narrower at the bottom than at top, the process will4ie 
nearly the same, substituting for A its variable value, as in 
the preceding problem. And the time of filling will be very 
Dearly the same as that above determined. 



PROBLEM XXX. 



But if the Water ^ from which the Ditches are to he filled^ be 
fhe Tide^ which at Low Water is below the Bottom of the 
Trunks and rises to suppose 9 Feet above the Bottom of it by a 
tegular Rise of One Fdot in Half an Hour; it is required /* 
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ascertain the Time of Filling it to 6 Feet high, as before in 
the last Problem, . 

Let ACDB represent the slqice; and when the tide has 
risen to any height gh, belowxjD the top of the sluice, with- 
out the ditches, let ff be the mean height of the water within. 
And put 6 = 3 = AB = AC ; 

g = l6rV ; . i \ 

A = horizontal section of the ditches ; 



-c 

X = Ao; G 



H 
F 



Z = AE. J 

Then »i/g : v^eg : : 2g \ 2*/g(x''Z) the velo- -' 

city of the water through aefb ; and 
f^g : v'eg '' ^g ' ^Vg{x--z) the mean vel. through eghf ; 
theref. 2bz'/g{x — z) is the quantity per sec. tijrough a*efb; 
and ^b[x -- z) ^/ g{x — z) is the same through eghf ; 
conseq. |6\/^ X (2jr + z)^(x— z) is the whole through 
AGHB per second. This quantity divided by the surface a, 

gives -~- X {2x + z).v/(jr— z) = v the velocity per second 

with which ef, or the surface of the water in the ditches, 
rises. Therefore 

But as GH rises uniformly 1 foot in 30' or 1800", there- 
fore 1 : AG : : 1800" : ISOOx = t the time of' the tide rising 

through AG; conseq. /= 1800* = jgr^ x -^^^±^j^—^, or 

mz =: i^x + 2;)\/(a:— 5:) . x is the fluxional equa. expressing 

the relation between x and z ; where wi = ,^^^, , s: -rrr 

or 13^1^ when a = 200000 square feet. 
Now to find the fluent of this equation, assume z = 

a;f^ + Bo:^ + cr "sf + dot'^* &c. So shall 

5 S l_^ 

2jr + » = 2x + Ajr"^-!- bo:^ + cr * &c, 
(2ar+«) v/(^-;g);r = 2^^;r ♦ - . x^x j—x^x &c, 
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• 1 6 9 IZ 

andmz = -^mAJV^x+lmBX^Ji!+*^mcx^x+^^mxyx'^ x &c. 
Then equating the coefficients of the like terms, 
so shall and consequently 

4mA = 2, A = ±, 

|WB = 0, B =: 0, 



24 ' 



» ^mc =2 — |A% c 



r*WlD = — |A^ — |AB, D = — 



Jf 

Cj ' JD 



875w** 

&c ; &c. 

Which values of a, b, c^ &c, substituted in the assumed 
value of z, give 

Z = ■ — X^ • -r- • J7 * — X ^ &C : 

4 5 1 

or 2: = — JT^ very nearly, 

-And when r = S = ac, then 2 == '886 of a foot, or lOf 
inches, = ae, the height of the water in the ditches when 
the tide is at cd or 3 feet high without, or in the first hour 
and half of time. 

Again, to find the time, after the above, when 
EP arrives at cd, or when the water in the *^i 
ditches arrives as high as the top of the sluice. 

The notation remaining as before, 
then 2bz\^g{x-'Z) per sec. runs through ap, 
and |i(S — 2:)v^^(a: — jg) per sec, thro' ed nearly; 
therefore |-i-/^X(12+2;)v/(jr— z) is the whole per second 

through AD nearly. 

conseq. ^-~ x (12 +z)-v/(x — z) = t^ is the velocity per 

' second of the point e ; and therefore 

^ : i : : 1'' : / = — = rr4- X tt; — tt. r = ISOOi, or 

»iz=:(l2+z)^(a7-z).*,wherew* = ^gj~^ =23^ nearly. 

J 4 J. 6 

Assume z = ajt* + B.r"^ + cx^ + djt^ &c. So shall 

. X 4 A » a« + 4b 4. a3+4ab + 8c 4 - 
f/{x - 2;) = or^ - 3 ««* — "^F" ''^ 16 ^ ^ » 

12 + z = 12 + ajt^ + bj:* + cx^ &C ; 



B 
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(12+z). y/{T-z).x= 12^^i-6Ax^i-(|A' + 6B)x"^x 8ic; 

mz = iniAx^x + ^rriBx^x + ^mcx^x &c. 
Then, equating the like terms, &c, we have 

^ -m' » - - -;=r> c = -g;;j5-, D =-- nearly, kc. 

Hence . = A.l - ^.^ + £.4 + ^,3 &e. 

8 3 

Or z = - X «^ nearly. 

But, by the first process, when f = S, j? = •886 ; whiqh 
substituted for them, we have z = -886, and the series = 
1-63 ; therefore the correct fluents are 

.z- -886 = - 1-63 + — :r* - ^jr* &c, 

or z + -744 =— JT^ ~x^ &c. 

And when j? = 3 = ac, it gives x = 6*369 for the height 
of the tide without, when the ditches are filled to the top of 
the sluice, or 3 feet high ; which answers to 3** 1 1' 4". 

Lastly, to find the time of rising the remaining 3 feet above 
the top of the sluice ; let 

T = CO the height of the tide above cd, or- n 

z =z CE ditto in the ditches above cd ; d- -^ 

and the other dimensions as before. ^ 

Then ^g : ^eq ::2g : 2^g{x - z) =: the ve- 



M 



locity with which the water l-uns through the a 

whole sluice AD ; conseq. ad x 2^g{r-'Z) = 

^^VSi'^ — z) is the quantity per second running through the 

sluice, and ^^ V{j:-z) zzv the velocity of Zy or the rise 

of the water in the ditches, per second : hence v : z :: V i 

the fluxional equation ; where m = 



3300 



_, ^ laOVff 2079* 

To find the fluent. 
Assume z = ax^+bjc^+cjF4'^x^ &c. 
Then 4: - z = a: - ax^-B47^-cx* 8cc, 






36a MISCELLAl^EOUS 1^BtA€T 38. 

^'•(ar — Z)= ^»Ji: Y^^ ^8 — ^ ^ ^^' 

wzz = 4nAjr^;c + ^nhX^i +47tCia?*Jr &c. 
Then equating the like tern^s gives 

S ^ _ -1 _ 1 _^ -1. a,^ 

Hence « = -^.r^ — t-tt* + -rr-r^a^^ — ■^rr^'^' 8cc. . 

But by the second case, when jz: = 0, .r = 2*369, which 
being used in the series, it is 1*936; therefore the correct 

fluent is jr 3= — 1*936 + -^x"^ — tt^^'^ fcc- And when 

X == 3, or = 7 ; the heights above the top of the sluice, 
answering to 6 and 10 feet above the bottom of the ditches. 
That is, for the water to rise to the height of 6 feet within 
the ditches, it is necessary for the tide to rise to 10 feet with- 
out, which just answers to 5- hours ; and so long it would 
take to fill the ditches 6 feet deep with water, their horizon- 
tal area b^ing 200000 square feet. 

Further, when a: = 6, then % = 2*1 17 the height above 
the top of the sluice ; to which add 3, the height of the sluice, 
and the sum 5*117, is the depth of water in the ditches in 4 
hours and a half, or when the tide has risen to the height of 
9 feet without the ditches. 

Note. In the foregoing problems, concerning the efflux 
of water, it is taken for granted that the velocity is the same 
as that which is due to the whole height of the surface of the 
supplying water : a supposition which agrees with the prin- 
ciples of the greater number of authors : though some make 
the velocity to be that which is due to the half height only: 
and others make it still less. 

Also in some places, where the difference between ivio pa^ 
rabolic segments was to be taken, in estimating the mean 
velocity of the water through a variable orifice, I have used 
a near mean value of the expression ; which makes the ope- 
ration of finding the fluents much naore easy, and is at the 
same time sufficiently exact for the purppsein hand. 
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We may farther add a remark here concetning the method 
of finding the fluents of the three fluxional forms that occur 
in the solution of this problem, viz, the three forms mz =s 
{2x + z)j^(x - z)xf and mz = (12 + z)\f^{x - z)ir^ and 
mz =s ^{x — ';s)xy the fluents of which are found by assum« 
ing the fluent mz in an infinite series ascending in terms of 
X with indeterminate coefficients ▲, b, c. See, which coeffi- 
cients are afterwards determined in the usual way^ by equat- 
ing the corresponding terms of two similar and equal «erieSy 
the one series denoting one side of the fluxional equation, 
and the other series the other side. By similar series, is 
meant such as have equal or like exponents; though, it 
is not necessary that tb^ exponents of all the terms should 
be like or pairs, but only some of them, as those that are not 
in pairs will be cancelled or expelled by making their coeffi- 
cients a: or nothing. Now the general way to make the 
two series similar, js to- assume the fluent z equal to a series 
in terms of x, either ascending or descending, as here 
z=^x^ + x^+' + x^+^* 8cc for ascending, 
or ;k = jr*" + x^'-' + x^'^*' &c for a descending 
series, having the exponents r^ r ± s, r ±. 2^, 8cc, in arith- 
metical progression, the first term r, and common difference 
5 ; without the general coefficients a, b, c, 8cc, till the values 
of the exponents be deterniined. In terms of this assumed 
series for z^ find the values of the two sides of the given 
fluxional equation, by substituting in it the said series instead 
of z ; then put the exponent of the first term of the one side 
equal that of the. other, which wilj give the valiie of the first 
exponent r ; in like manner put the exponents of the two 
2d terms equal, which will give the value of the common 
difference s ; and hence the whole series of exponents r, 
r ± ^, r di 2tf, &c, becomes known. 

Thus, for the last of the three fluxional equations above 
mentioned, viz, mk = •(r— z:)x, or only z = v^(x — z)0c ; 
having assumed as above z = x^ -^ x^"^' &c, and taking th^ 
fluxion, then z = jr^-*« -|- jr^ + '-'x + &c, omitting the co- 
efficients ; and the other side of the equation y (a? — z)x = 

VOL. III. B B 
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^{x^j^^jc^** 8cc) sz s^x^ of'^ijr &c. Now the exponents 
of the first terms made equal, give r — t = -^j tfaeref; 
r = 1 4" T ^^ i 9 Aod those of the 2d terms made equal, 
givcr-f *- Issr— I, theref. ^<»-ls:— ^ and jasl— ^=4; 
conseq. the whole assumed series of exponents r, r + s, 
r+9s, tec, become {, i, i, &c, as assumed above in pa. 368. 
Again, for the 2d equation 99ix or £ = il2+z)^/{x^z)x 
as (« + 2) •(jr — x)x; assuming z = x^+otf-*-' &c as before, 

then 4=4r-»x+x^+'-'i &c, and \^{x - %)x = xix^af-^x 
kc, both as above ; this mult, by « + jt or a + x^+:^-^' 8cc, 

gives ax^x — at^-'^x 8ic : then equating the first ejcponents 
gives r— 1 =T or r=|-, and r+^— 1 =^ — ior*=sl— ^=4.; 
hence the series of exponents is ^, 4, ti &^9 ^^^ same as the 
former, and as assumed in pa. 366. 

Lastly, assuming the same form of series for z and x as in 
the above two cases, for the 1st fluxional equation also, viz, 

mk =s {2x+z)V{x — z)xi then V{x^z)x ssx^x-^ af-^x &c^ 
which mult, by 2x+Zy gives ix^x-^x^-i-ix Sec: here equate 
ing the first exponents gives r — 1 = 4> ^^ ^ = 1> ^^^^ equat* 
ing the 2d exponents gives r + «— l=r + -|, or s zz:^; 
hence the series of exponents in this case is ^, f, VS 8u^9 && 
used for this case in pa. S65. Then, in every case, the ge-r 
neral coefficients a, b, c, &c, are joined to the assumed 
terms jr^, jr'-i-^&c, and the whole process conducted as in the 
three pages just referred to. 

Such then is the regular and legitimate way of proceeding, 
to obtain the form of the series with respect to the expo- 
nents of the terms. But, in many cases we may percdve at 
^gh^> without that formal process, what the law of the ex** 
ponents will be, as I indeed did in the solutions in the pages 
above referred to ; and any person with a little praotice may 
casUy do Uie same. 
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t>llOBLEM. XXXt* 

T0 ddtermine the fkU cf the li^afer' ^ndct ikt Atthes af m 

Bridge^ 

The ejects of obsta<^les placed in a cunf-eiit of water^ such 
91$ |h^ piers of « bridge^ are^ a sudden steep descent, and an 
incr^fftse of Telocity in the stream of water^ just under Uie 
«.rches« loore ^r less in proportion to the quantity of the ob- 
etructioo and velocity of the current : being very small and 
b^M^dly perceptible vbere the arches are large and the piers 
few ^ soiaJI) but in a high and extraordinary degree at 
I,/)nde!ii-bridgey and some others, where the piers and the 
«terliBgsare so v,^ry large^ in proportion to the arches. This 
i$ the<Ciase, not only iu such streams as run always the same 
W:ay, but in tide riv«rs also, both upward and downward^ but 
09ud9 lessii) the former than in the lattejr. During the time 
ofjBooci, when the tide is- flowing upward, the rise of tbe 
water is against |he under side of the piers ; but the differ- 
ence between die two sides gradually diminishes as the tide 
flows less rapidly towai^s the concluson of the floods When 
this has attained its fuU height, and there is no longer any 
current, but a stillness prevails iq tbe water for a^hort time, 
the sur£ice assumes aa equal level, both above and below 
bridge. But^ as soon as the tidp begins to ebb or return 
again, the resistance of the piers against the stream^ and the 
contraction of tbe water way^ cause a rise of the surface above 
a.ud uj»der the arches, with a fall and a more rapid descent 
in tbe contracted' stream just below. The quantity of this 
rise, and of the consequent velocity below, keep both gra- 
dually lifiQfieaf^ngy ^9 the tide continues ebbing, till at qui^e 
low water^ when, the stream or natural current being tbe 
quickest, the fall under tbe arches is the greatest. And it is 
the quantity <of this fall' which it is the object of this problfnn 
to determine. 

Now, the motion of free running water is the consequence 

B B ^ 
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of^ and produced by the force of gravity, as well as that of 
any other falling body. Hence the height due to the velo- 
city, that is, the height to be freely fallen by any body to 
acquire the observed velocity of the natural stream, in tlie 
river a little way above bridge, becomes known. From the 
same velocity also will be found that of the increased current 
in the narrowed way of the arches, by taking it in the reci- 
procal proportion of the breadth of the river above, to the 
contracted way in the arches ; viz, by saying, as the latter is 
to the former, so is the first velocity, or slower motion, to 
the quicker. Next, from this last velocity, will be found 
the height due to it as before, that is, the height to be freely 
fkllen through by gravity, to produce it. Then the diflPer** 
ence of these two heights, thus freely fallen^ by gravity, to 
^ produce the two velocities, is the required quantity of the 
waterfall in the arches; allowing however, in the calculation, 
for the contraction, in the narrowed passage, at the rate as 
observed by Sir I. Newton, in prop. 36 of the 2d book of the 
Principia, or by other authors, being nearly in the ratio of 
2$ to 21, or sufficiently near as 24 to 20, that is, as 6 to 5. 
Such then are the elements and principlei^i on which the 
solution of the problem is easily made out as follows. 
Let b = the breadth of the channel in feet ; 

V = mean velocity of the water in feet per second ; 
c == breadth of the waterway between the obstacles. 

Now 6 :5 :: c : -—c, the waterway contracted as above. 

~ 5 , 6b 



And -^ lb:: v i -j^'Oy the velocity in the contracted way. 
Also 32* : t?* : : 16 : ^'^v*, height fallen to gain the velocity v. 
And 32* : (-g vY ::ie:(~yx ^t*, ditto for the vel. — v. 
Then {^)* x gj ""gj *® *^^ measure of the fall required. 
Or [(—)»— 1 J X ^ is a rule for computing the fall. 

Or rather — gj^— X v* very nearly, for the fall. 



^ \ 
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Exam.]. For LondonJyridge, 

By the observations made by Mr. LatTelye in 1746, 
The breadth of the Thames at London-bridge is 926 feet; 
The sum of the waterways at the time of low.wateris 236 ft.; 
Mean velocity of the stream just above bridge is 3^ ft. per sec. 
But under almost all the arches are driven into the bed great 
numbers of what are called dripshot piles, to prevent the bed 
from being washed away by the fall. These dripshot piles 
still further contract the waterways, at least ^ of their mea- 
sured breadth, or near 39 feet in the whole; so that the 
waterway will be reduced to 197 feet, or in round numbers 
suppose 200 feet. 

Then b = 926, c = 200, v = ^-J. = y. 

TT l-44i'*-c* 1234765-40000 ,^^' 

Hence -*-ttt — = — i: — : = '467. 

64c*- 64x40000 

And V* = -gj- = 10^^. 

Theref. -467 x iaj2^=4'63 ft. = 4 ft. 8f in. the fall required. 
By the most exact observations made about the year 1736, 
the measure of the fall was 4 feet 9 inches. 

Exam. 2. . For Westminster-bridge. 

Though the breadth of the river at Westminster-bridge is 
1220 feet ; yet, at the time of tbe greatest fall, there is water 
through only the 13 large arches, which amount to but 820 
feet ; to which adding the breadth of the 12 intermediate 
piers, equal to 174 feet, gives 994 for the breadth of the 
river at that time; and the velocity of tbe water a little above 
the bridge, from many experiments, is not more 2j. feet per 
second. 

Here then b = 994, c = 820, v = 2j: =: f . 

Hence 1:1^^ = '"^^^ZT = *01^*36-- 

64£? 64 X 672400 

Theref. '0 17436 x 5-^=-08827 ft.= 1 in. the fall required; 
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which is ahout half an inch more thap the greatest fall <** 
served by Mr, Labelyc, 

And, for Blackfriar's-bridge, the fall will be much the 
same as that of Westminster. 

*** See other solutions at pa. 87, &c, vol. 1. 



PROBLEM XXX||. 

To determine the Circu/mstanees relating io th^ JPr^ssure ^ 
the Atmosphere on ^ given Space on the Earthy with the 
Height 0/0 uniform Atmosphere^ !ic. 

It is a fact, and may easily be shown, that the height is ^ 
constant quantity, or always the same, of a uniform atmo^ 
sphere above any place, which shall be all of the ui^ifofm 
density with the air there, at any time, and whatever' the? 
weight of it then be as measured by the barometer. This 
property happens from the circumstance of the density of 
the air, at the earth's surface, always varying in propor- 
tion as indicated by the barometer ; in fact, the height of 
the barometer at once shows both the density pf the air and 
its weight, at the time, ^o that, as the density varies in 
exact proportion to the weight of the column, it therefprc? 
requires a column of the same height, in all eases, to make 
the respective weights or pressures ; when the temperature; 
or heat of the air is the sarnie. Thus, if w and w denote tb« 
tiireights of atmosphere above any places, p and d their rcs- 
spective densities, and h, h the heights of the uniform co- 
lumns^ of these densities and weights : Then, each density 
multiplied by the height" being equal to the weight, viz. 

HXD = yr, and Axrf= w; hence -^sr h, and ^ = A; 

but, as the weight is always proportional to the density, 

therefore — ;= -t-, that is, H s= h^ or the heights are equal. 

The general height of the uniform atmospheric column is 
thus easily found. The weight of a cubic foot of mercury 
Ib 1S600 ounces, or the preissure of a cokmn of mereu^ 1 
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foot in height on a square foot of base ; but the medium 
pressure of the atmosphere is equal to the column of 29*75 
inches of the barometer; therefore 12 : 29*75 : : 13690 : 
$8717 ounces pressure of the atmosphere on a square foot ; 
hence 33717 -r- 144 = 234 ounces or 14{-lb. is the medium- 
pressure of the atmosphere on a square inch. 

Again, for the height of a uniform atmosphere. Since 
S3717 ounces is the pressure of the atmosphere on a square 
foot ; and If ounces is the weight of a cubic foot of air, or 
its pressure on a square foot of 1 foot in height ; therefore 
If : 1 : : 33717 : 27600 feet the height the atmosphere would 
be if it were all of the same uniform' density as at tbe earthy 
being equal to 5^ miles in height very nearly. 

PROBLEM XXXni. 

To show that the Density of the Mmosphercy at d^erefii 
Heights above the Earthy Decreases in such Sdrt, that when 
the Heights Increase in Arithmetical Progression^ the Den^ 
siiies Decrease in Geometrical Progression. 

Let the indefinite perpendicular line ap, 
erected on the earth, be conceived to be divided 
into a great number of very small equal parts, 

A, B, c, D, &c, forming so many thin strata of 
air in the atmosphere, all of different density, 
gradually decreasing from the greatest at A: 
then the density of the several strata a, b, c, 

B, &c, will be in geometrical progressioix de- 
creasing. 

For, a& the strata A, b, c, &c, are all of equal 
thidkness, the quantity of matter in each of tbem^ is as tlie 
density there ; but the density in any one, being as tbe com- 
pressing force, is as the weight or quantity of all the matter 
from that place upward to the top of the atmosphere ; there- 
fore the quantity of matter in each stratum, is also as the 
whole qu»itity from that place upward. New, if from tbe 
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wbole weight at any place as b, the weight or quantity in 
the stratum b be subtracted, the remainder is the weight at 
the oext stratum c^ that is, from each weight subtracting a 
part which is proportional to itseU', leaves the next weight ; 
or, which is the, same thing, from each density subtracting a 
part which is proportional to itself, leaves the next density* 
But when any quantities are continually diminished by parts 
which are proportional to themselves, the remainders form 
a /series of contmued proportionals : consequently these den- 
uties are in geometrical progression. 

Thus, if the first density be d, and from each be taken 

its nth part; there will then remain its part, or the — 

part, putting fn.for w— 1 ; and therefore the series of den- 

. 1 1 1 wi • tn* tn' TH* ^ , 1 

sities will be d, -t-d, --d, -tD, -tD, &c, the common ra- 
tio of the series being that of n to m. 



SCHOLIUM. 

Because the terms of an arithmetical series, are pro- 
portional to the logarithms of the terms of a geometrical 
series : therefore different altitudes above the earth's surface^ 
are as the logarithms of the densities, or of the weights of 
air, at those altitudes. 

So that, if D denote the density at the altitude a, 
and d - the density at the altitude a ; 
then A being as the log. of d, and a as the logi of d, 

the dif. of alt. a —a will be as the log. d — log. d. or log. ^^ 
And if A=:0, or d the density at the surface of the earth ;' 
then any altitude a^ove the surface a, is as the log. of — , 

Or, in general^ the log. of -^ is as the altitude of the one 

place above the other, whether the lower place be at the 
surfaee of the earth, or any where else. 

And from this property is derived the method of deter- 
mining the heights of mountains and other eminences, by 
the barometer. For, by taking, with this instrument, the 
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pressure or density, at the foot of a hill for instance, and 
again at the top of it, the difference of the logarithms of these 
two pressures, or the* logarithm of their quotient, will be as 
the difference of altitude, or as the height of the hill ; sup- 
posing the temperat^jures of the air to be the same at both 
places, and the gravity of air not altered by the different dis- 
tances from the earth's centre* 

But as this formula expresses only the relations between 
different altitudes with respect to their densities, recourse 
must be had to some experiment, to obtain the real altitude 
which corresponds to any given density, or the density 
which corresponds to a given altitude. And there are va- 
rious experiments by which this may be done. The first, 
and most natural, is that which results from the known spe- 
cific gravity of air, with respect to the whole pressure of the 
atmosphere on the surface of the earth. Now, as the alti- 
tude a is always as log. — ; assume h so as that a r= A x log.~ 

where h will be of one constant value for all altitudes ; and to 
determine that value, let a case be taken in which we know 
the altitude a corresponding to a known density d; as for 
instance, take a =z 1 foot, or 1 inch, or some such small aU 
titude ; then, because the density d may be measured by the 
pressure of the atmosphere, or the uniform column of 27600 
feet, when the temperature is BS"" ; therefore 27600 feet will 
daiote the density d at the lower place, and 27599 the Jess 

density rf at 1 foot above it ; consequently 1 =Axlog.- ^ ; 
which, by the nature of logarithms, is nearly =: Ax -J^ ^ 
ss-rr— nearly; and hence h = 63551 feet; which gives, 

for any altitude in general, this theorem, viz. a = 63551 x 

1<^. -^, or =a 63551 x log. -^ feet, or 10592 x log. — 

fathoms ; where if is the column of mercury which is equal 
to the pressure or weight of the atmosphere at the bottom, 
and m that at the top of the altitude a ; and where u and m 
jxmy be ta^en in any measure, either feet or inches, &c. 
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Note, t]|&t this formula is adapted to the mean tempe- 
ratttre of the air 55^, But, for every degree of temperature 
different from this^in the medium between the temperatures 
at the top and bottom of the altitude a^ that altitude will 
▼afy by its 4S5th part ; which ;nnst be added, when that 
medium exceeds 56" ^ otherwise subtracted.-— Note, also^ that 
a column of SO inches of mercury varies its length by about 
the yi^ part of an inch for every degree of beat, or rather 
-g^-g 4>( the whole volume. 

But the formula may be rendered much more convenient 
for use, by reducing the factor 10592 to 10000, by changing 
the temperature proportionally from 55^. Thus, as the dift 
592 is the 18th part of the whole factor 10592 ; and as 18 is 
the £4th part of 435 ; therefore the correspondent change of 
temperature is 24", which reduces the 55* to 31*. So that 

the formula is, a s= 10000 x log. — fathoms, when the tem- 
perature is 31 degrees ; and for every degree above that, tb^ 
result is to be increased by so many times its 435th part. 



PROBLEM XXXIY. 

To divider Given Circle into awy proposed Ttumber of Egual 
Parts, by means of other Circles Concentric with the Given 
one* 

This problem is now added here in the appendix, having 
been omitted in its proper place. Tract xiv. vol. 1, be«de 
another problem, allied to this, as well in their nature as in 
their fate and consequences. 

A particular case of the present problem was first of alt, 
as far as I know, proposed in that useful and valuable little 
annual work, the Ladies' Diary, for the year 1709, in this 
form, viz. Seven men bought a grinding*stone, of 5 feet or 
60 inches in diameter : and they agreed together, that each 
should grind off an equal share ; so thai one, beginning first, 
should grind his 7 th part off the stone ; then a second should 
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grind his; and so continue in succession. The question 
then was, how much of the diameter must each person grind 
ddwn. In the year following an answer was so far given 
only, as merely to specify the numbers denoting the partd of 
the diameter to be ground down, or cut off, without any 
mode of solution whatever, either arithmetical or geom^ 
trical. 

Many years after, a geometrical construction was given by 
a Mr« Hawney, in his httle book on Mensuration, but so 
clumsy in its manner, as to require the description of a se- 
parate circle to ascertain the point through which each of 
the dividing concentric circles was to pass* And in this state' 
it remained till about the year n70, when Mr. James Fer- 
guson, the ingenious lecturer on astronomy and mechanics, 
in his peregrinations came to Newcastle, where I then re- 
sidedy to give the usual course of his public lectures; on 
which occasion, with the assistance of my friends, I not only 
procured him a numerous and respectable audience, but also 
accommodated him with the free use of the new school- 
rooms, which I had lately built, to deliver bis lectures in* 
As Mr. F. commonly amused my family and friends at even- 
ings, with showing his ingenious mechanical contrivances 
and drawings, on one of these occasions he produced a very 
neat and correct drawing, on a large, scale, being a con- 
struction of this problem, in the very prolix way as before 
given by Hawney, but which he exhibited as a great curio- 
sity. I ventured to remark to him that I thought a much 
simpler construction might be found out, for this probjem, 
which was then new to me. As Mr. F. expressed a.wish to 
see «uch a thing as a simpler construction, which however he 
seemed to have, his doubts of procuring, I was induced to 
consider it that evening, before going toxest, and discovered 
the construction as follows* 

The next morning I showed him the new and very sim- 
ple construction, with its demonstration^ which he seemed 
much pleased with, on account of the apparent simplicity, 
but doubted very much that it might not be correctly true. 
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On referring him to the accompanying demonstration , to sa^- 
tisfy himself of its geometrical truth, I was much surprized 
by bis reply, that be could not understand that, but he would 
make the drawing correctly on a large scale, which was 
always his way to try if such things were true. In my sur«- 
prize I asked where he had learned geometry, and by what 
Euclid or other book; to which he frankly replied he had 
never learned any geometry, nor could ever understand the 
demonstration of any one of Euclid's propositions. Accord- 
ingly the next morning, with a joyful countenance, he 
brought me the construction, neatly drawn out on a large 
sheet of pasteboard, saying he esteemed it a treasure, having 
found k quite right, as every point and line agreed to a 
hair's breadth, by measurement on the scale. This problem 
and the construction he afterwards inserted, with the pro- 
per acknowledgment, as a curiosity, in his Select Mechanical 
Exercises, p. 123, printed in 1773. 

Also, in the beginning of the year l77l, when I com- 
menced the republication of the Ladies' Diary Questions, I 
inserted the following solution of the question, at pa. 53 of 
the first volume of that work, viz. 

** This question is to divide a-drcle, of 60 inches dia- 
meter, into 7 equal parts, or rings, bounded by concentric 
circles: of which the solution will be thus.— The whole 
circle, and each inner circle, after the several preceding 
rings are ground off, must be to each other, by the ques- 
tion, as the numbers 7, 6, 5, 4, S, 2, 1 ; but circles are as 
the squares of their diameters ; therefore the diameters of 
those circles will be to one another as ^^7, y/6, ^5, ^4, 
V'S, ^2, \/l : but the greatest diameter is 60 or 60 Vf; 
therefore, by proportioning, all the other diameters v will 
come out thus, 60 V^, 60 v f , 60 \/^, 60-v/|., 60y^, 60 y/^: 
Now the last of these is the diameter of the last person's 
share, and the differepce between every two adjacent terms 
being taken, will give the double breadth of the rings, or the 
parts of the whole diameter to be ground off by the other 
persons; viz. 
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60 v^^- 
60^1- 



60//^ 

60 Vf: 

60\/f 

eov^f 

60v/f 
60 -/f J 
60v^^: 



,i/7- yg .. 2.^^ 






X 60=4-450794 the 1st person'^ share 
X 60=4-839951 the 2d 
X60==5-353518 the 3d 



^^^^x 60=6-076516 the 4th 



•=7-207871 the 5th 



V7 
1 



V7 



X 60=9-393480 the 6th 
X 60=22-677870 Ae 7th 




" The Construction will be thus. — Divide the radius ab of 
the given circle into 7 equal parts ; and at the points of di- 
vision erect perpendiculars meeting the circle, described on 
AB as a diameter in d, f, h, k, m, X) ; then with the centre 
Ay and radii ao, am, ak, Sec, circles being described, the 
thing is done. — For, by the nature of the circle, the squares 
of the chords or radii, ao, am, ak, &c, are as the versed 
sines an, al, ai, &c. 

'* Scholium. It is evident that the above method of cal- 
culation and construction will both hold true also when 
the shares are unequal in any proportion ; by using the re- 
,spectiye proportional numbers in the former, and dividing 
the radius ab in the same proportion in the latter. 

Very soon after the first publication of the solution of the 
Diary question as above, it was seized by a shameful pla- 
giary, in the person of a Mr. Samuel Clark, who had com- 
menced, after mine, a republication of the Diary questions^ 
under the title of * The Diarian Repository.' When this 
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editor arrived at the qaestipn above referred to^ he copied 
my solution, and very inconsistently ascribed it to Mr^ 
Hawney before mentioned, though it was manifest to every 
geometrician that no two constructions could be niore Unlike 
one another, as the one employed seven different circles^ 
and as many separate constructions, in effecting what the 
other accomplished by only one single circle apd construC'^ 
tion. From the many gross errors, and the numerous 
omissions and absurdities in that * Repository of Errors,* 
as it was commonly called, it soon fell under the necessity 
of coming to a sudden and premature end. 

With respect to the other curious and kindred problem^ 
that of dividing a given circle into any number of parts, that 
may be all mutually equal, both in area and perimeter, some 
account of its rise lias been already given iji the first volume 
of these tracts, at pa. 254. It was first anonymously pro- 
posed in the year 1774, as a curious paradoxical problem, 
but unaccompanied by the least hint or intimation of any 
mode of solution whatever. It was indeed announced by 
the proposer expressly as a seeming paradox,, but accom* 
panred with the decIanitiotY that it nevertheless was capable 
of a strict geometrical solution. The problem, remained 
however some time unanswered, being given up by all per«> 
sons as a matter quite hopeless, and by most deemed in faot as 
little to be. expected as the quadrature of the circle itself, to 
which it was thought to be nearly allied, and indeed depen- 
dent on it; for no person could imagine any other possible 
way of a circle being divided, even in idea, into any number 
of such parts, that might be equal both m area and perime- 
ter, than by radii drawn from the centre to the points of 
equal divisions in the circumference. This was, in eflect, 
reducing the problem to tiiis other, of dividing thecireuoi* 
ference in any proposed nuniber of equal parts, which was 
deemed on all hands a thing impossible to be effected. After 
some time no person thought any more of the matter, but aa 
a thing never to be accomplished ; and so I believe it might 
flare remained to diis day, but for the occurrence of some 
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such accident as that which actually led myself into the train 
of thought which soon ended in the complete solution. The 
construction I first inserted in the Critical Review^ as before 
mentioned in the first volume of these Tracts ; next it was 
introduced into my first or quarto volume of Tracts, pub- 
lished in the year 1786, accompanied with a short account of 
its rise, and a considerable improvement of it, by rendering 
the property general for the division into all ratios of parts, 
equal or unequal, and extending the same to all ellipses, as 
well as circles. After which I have usually been in the habit 
of introducing it into my Dictionary, and the more common 
elementary books on mensuration, &c. 

Lastly, finding the two constructions introduced, by my 
ftiend Mr. Leslie, the ingenious and learned mathematical 
professor in the university of Edinburgh, into the first edi- 
tion of his Geometry, published in 1809, both together in 
pages 222 and 223 : as these problems were rather of an 
uncommon nature, I did think some mention might have 
been made of their origin, or the circumstances that have at- 
tended them ; and I hinted as much to my ingenious friend. 
In consequence of which, probably, I find that the learned 
author has, in the 2nd edition of his work, separated those 
two constructions, placing one among the elements at p. 181, 
and the other among the notes at p. 432, accompanied with 
the note, that it was the result of a < principle briefly su^» 
gested by Mr m Lawson, and afterwards explained and demon- 
strated in Dr. Hutton's Mathematical Tracts.' This change 
and announce seemed to make the matter rather worse than 
before, as it appeared less unfriendly, or less uncivil, to omit 
noticing a fact entirely, than to mis-state it. For^ certain it 
is, that Mr. Lawson never suggested any principle or exten- 
sion, nor any mode of solution whatever ; the discovery 
)iaving been made and published by myself alone. 
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